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ABSTRACT 
Lower Body Strength and Power Characteristics Influencing Change of Direction and 
Straight-Line Sprinting Performance in Division I Soccer Players: An Exploratory Study 
by 
Chieh-Ying Chiang 
The purpose of this dissertation was to investigate the influence of lower body strength 
characteristics on change of direction (COD) performance in NCAA Division I soccer 
athletes. Specifically, this dissertation served to examine: 1) whether the lower body strength 
and power were related to COD performance, 2) whether stronger athletes had superior COD 
performance than weaker athletes, 3) whether the force production asymmetry and strength 
dominant (SD) associated with COD performance, and 4) weather sex differences existed in 
kinetic variables during the stand phase of cutting.  
The major findings of this dissertation include: 1) strength and power characteristics were 
moderately to strongly related to COD performance. Furthermore, soccer athletes’ straight-
line sprinting times were significantly related to COD performance outcomes. 2) Stronger 
athletes demonstrated the tendency to perform superiorly in modified 505 COD test when 
compared to weaker athletes. 3) Athletes who had more lower body force production 
asymmetry were more likely to perform asymmetrically during a COD test. However, the SD 
and the magnitude of asymmetry were not limiting factors for athletes’ COD performance.4) 
Male athletes demonstrated statistically significantly less COD total time, longer ground 
contact time (GCT), and better ability to apply forces and impulses while performing cutting. 
Based on the results, vertical forces and impulses during both the braking and propulsive 
phases of cutting ranged from 2.51 to 3.14 times larger than horizontal direction. 
 2 
In summary, stronger and more powerful soccer athletes were able to perform in a superior 
manner for both the COD tasks and straight-line sprinting. This may be due to the ability to 
produce high force and power during the critical time periods. Although force production 
asymmetry during related to the asymmetrical performance during COD tasks, the SD and 
the magnitude of asymmetry did not limit the COD performance. Finally, statistical 
differences existed between sexes in kinetic variables during cutting may be due to the 
different approaches to apply force in this task. Moreover, the ability to generate higher force 
and impulse in the vertical direction could affect COD performance. 
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Over the last few decades there have been a growing number of populations 
participating in soccer (Castillo-Rodríguez, Fernández-García, Chinchilla-Minguet, & 
Carnero, 2012; Kunz, 2007). Soccer has become one of the most popular sports in the world 
and is played by both sexes and different ages across all levels (Castillo-Rodríguez et al., 
2012; Stølen, Chamari, Castagna, & Wisløff, 2005). It is most likely that big populations join 
soccer because minimal fitness levels and equipment are needed. However, in order to be 
successful at the elite level, a combination of technical, biomechanical, tactical, mental, and 
physiological ability is required (Hoff, 2005; Stølen et al., 2005). The physical components in 
soccer, such as muscular strength, power, sprint speed, and agility, have been given more 
attention by sport science and strength and conditioning fields (Chaouachi et al., 2012; Stølen 
et al., 2005). Therefore, determining the characteristics and assessments that are similar to an 
actual soccer match is critically important in order to develop appropriate training 
methodologies. 
The physical contributes in elite level soccer athletes have been studied in recent 
research.  Hoff (2005) observed that elite international soccer players could reach an average 
maximum oxygen consumption range from 55 to 68 ml . kg -1 . min -1  and a half-squat 1RM 
from 120 to 180 kg.  Strong correlations between maximal strength, power, sprint, and jump 
abilities in soccer players are also reported by different authors (Castillo-Rodríguez et al., 
2012; Chaouachi et al., 2012; Stølen et al., 2005; Wisløff, Castagna, Helgerud, Jones, & 
Hoff, 2004). Although the importance of physical capacities in soccer players, especially leg 
strength, has been studied by previous authors (Chamari et al., 2008; Peterson, Alvar, & 
Rhea, 2006; Vescovi & McGuigan, 2008), the interactions between strength characteristics 
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and other physical demands, for instance, agility and change of direction ability (CODA), 
remain unclear.  
In order to better understand the physical and physiological aspects of soccer players, 
many authors have published studies to investigate specific movement patterns during soccer 
matches (Bloomfield, Polman, & O’Donoghue, 2007; Carling, Le Gall, & Dupont, 2012; 
Hoff, 2005; Spencer, Bishop, Dawson, & Goodman, 2005). One study by Bloomfield et al. 
(2007) provided extensive details of soccer-specific activities in the English Football 
Association (FA) Premier League matches. A computerized program was used to analyze 
movement patterns and traveling directions of 55 FA premier league soccer players, 
including standing, walking, jogging, sprinting, skipping, and shuffling. Players spent 48.7 ± 
9.2 % of the time moving forward, performing the equivalent of 726 ± 203 turns during the 
match. Specifically, 609 ± 193 of these were turned from 0° to 90° to the left or right. Similar 
results also showed about 1,300 changes of movement patterns undertaken every 4 to 6 
seconds under off-the-ball conditions (Stølen et al., 2005). Those time-motion analysis-type 
studies have revealed two significant movements features in a soccer game: change of 
direction (COD) and straight sprint.   
Agility has been proposed as the ability to rapidly sprint and change direction while 
responding to outside stimuli (Sheppard & Young, 2006; Young & Farrow, 2006). Typically, 
agility movements in field sports (soccer, rugby) and court sports (basketball, volleyball) 
involve accelerating (short distance <10m), decelerating according to a stimulus (balls, 
opponents’ defense, executing tactical strategies), and then changing to the new direction 
(Hewit, Cronin, & Hume, 2012c; Sheppard & Young, 2006; Spencer et al., 2005). Moreover, 
two major components of agility, change of direction speed (CODS) and perceptual, 
decision-making, have been proposed as key limiting factors for athletes’ agility performance 
(Gabbett, Kelly, & Sheppard, 2008; Gabbett, Sheppard, Pritchard-Peschek, Leveritt, &  12 
Aldred, 2008; Young, James, & Montgomery, 2002). Recently, the research object of agility 
studies has shifted to a topic that deals with the relation of athletes’ decision-making process 
of sport-specific stimuli (Serpell, Youg, & Ford, 2011; Young & Farrow, 2013), also termed 
reactive agility (Gabbett, Kelly, et al., 2008; Oliver & Meyers, 2009; Young & Farrow, 2013; 
Young & Willey, 2010). A relative small number of studies have studied leg strength 
qualities and agility performance, especially using soccer athletes (Chaouachi et al., 2012; 
Vescovi & McGuigan, 2008).  
Sprinting happens during a soccer match approximately every 70 seconds, each sprint 
lasting about 2 to 4 seconds (Stølen et al., 2005). Although the total distance covered by 
sprinting is only 1% to 11% of the total distance covered compared with other activities, 
straight sprinting is the most frequent scoring situation compared with other movement 
patterns (Faude, Koch, & Meyer, 2012). Faude and colleagues (2012) further showed that 
those scoring situations actually occurred during straight sprints that were followed by 
jumping and COD movements. From the existing literature, COD ability (CODA) and 
straight sprinting might play the crucial parts of physical components in a soccer match.    
 It is not uncommon to assess the associations between CODA and sprint performance 
in soccer.  Reilly, Williams, Nevill, and Franks (2000) suggested that agility and sprint time 
were the best fitness characteristics for discriminating among young soccer players (elite 
versus subelite level). On the other hand, Spencer, Pyne, Santisteban, and Mujika (2011) also 
conducted a cross-sectional study and found a trivial to strong positive correlation between 
repeated sprint ability and agility among different ages (ages 11 to 17). Although the 
relationship between CODA and sprint performance seems strong, each one of them should 
be considered as an independent fitness feature (Little & Williams, 2005). Little and 
Williams (2005) examined 106 professional soccer players with a variety of sprint activities 
(10m acceleration, flying 20m sprint), of which agility (Zigzag) was also used to test the  13 
contribution to soccer performance. The results showed that 10m acceleration, flying 20m 
sprint, and Zigzag agility were correlated to each other. However, the relatively low 
coefficient of determinations (R2=0.38, 0.11 and 0.21 separately) indicated the essential 
distinct qualities between acceleration speed and agility.   
 The use of diverse muscular strength and power tests for team sport athletes has 
increasingly been the characteristics of study in sport science. Baker and Newton (2008) 
evaluated 40 national-level rugby players by testing lower body strength, power, acceleration, 
maximal speed, and agility. The results illustrated that 1RM squat strength and squat jump 
power could obviously differentiate first division and second division players. Cronin and 
Hansen (2005) also reported that the squat jump (SJ), countermovement jump (CMJ) height, 
and relative power output from SJ could be good predictors of variables for sprinting speed in 
professional rugby players. Similar findings were also reported by Barnes et al. (2007). 
Superior vertical jump heights were found in NCAA division I female volleyball players 
when compared to division II and division III levels. Furthermore, vertical jump height also 
related to basketball performance. Hoffman, Tenenbaum, Maresh, and Kraemer (1996) found 
that vertical jump height predicted playing time for division I basketball athletes. 
Additionally, vertical jump height was also associated with players’ repeated sprint ability 
(RSA) (Stojanovic, Ostojic, Calleja-Gonzalez, Milosevic, & Mikic, 2012). Consequently, the 
ability to express optimized muscular strength and power is fundamental to athletes’ success.    
 In summary, although a substantial number of studies have performed assessments on 
the critical fitness aspects that might affect team sport athletes’ performance, information 
dealing with lower body strength characteristics, CODA and straight-ling sprinting in 
collegiate soccer players is still critically lacking. The purpose of this study was to address 
theses areas by shedding light on the underlying mechanisms.
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Statement of Purpose 
 The primary purpose of this dissertation was to investigate the influence of lower 
body strength characteristics on CODA and straight-line sprint ability in NCAA Division I 
soccer athletes. Specifically, it was examined whether the lower body strength and power 
level contributed to the performance outcomes, such as COD speed and straight-line sprinting 
(acceleration of 0-5m, 5-10m, and 0-10m). Furthermore, the symmetry index (SI) scores 
during isometric mid-thigh pull (IMTP) and COD tasks (left and right) were calculated to 
determine if force production asymmetry affected the CODA.  
 The secondary purpose of this study was to examine whether sex differences existed 
in kinetic variables during a cutting maneuver. Moreover, forces and impulses from vertical 
and horizontal directions were analyzed to determine the dominance in COD test.    
.  In addition, specific aims of this study were to 1) Determine if stronger soccer athletes 
base on the IMTP test also performed better during a COD task and straight-line sprinting. 2) 
Determine whether athletes who possessed higher SI scores of IMTP also performed 
asymmetrically during COD test. 3) Determine whether the strength dominant (SD) side and 
bilateral strength asymmetry affected COD performance. 4) Determine whether sex 
differences existed in kinetic variables such as ground contact time (GCT), force, and 
impulse applied during the stand phase of cutting, and 5) which kinetic factors (vertical or 
horizontal) were dominant during the COD task. 
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Importance of the Study 
 Agility is one of the important physical attributes in soccer performance (Reilly, 
Williams, et al., 2000). In considering this issue, sport science and strength and conditioning 
related studies have attempted to define the limiting factors of agility performance (Barnes et 
al., 2007; Jones, Bampouras, & Marrin, 2009; Nimphius, Mcguigan, & Newton, 2010; Young 
et al., 2002). Perceptual and decision-making factors and change of CODS have been 
proposed as two vital components under the universal agility components model (Sheppard & 
Young, 2006) (Figure 1. 1). However, the testing protocols for agility performance have not 
received a general consensus in the sport science community (Brughelli, Cronin, Levin, & 
Chaouachi, 2008).  
 There are a variety of tests described in the current literature. These tests required 
different energy systems (~1.65 to ~135 seconds) and the time of COD tasks range from 2 to 
10 sec with primary vertical or horizontal force production (Brughelli et al., 2008). 
Considering soccer specific movement patterns, there has been relatively little research into 
the soccer specific agility tests, particularly CODA. 
 
Figure 1.1. Universal agility determinants factors modified from Sheppard & Young  (2006).  16 
 Recently investigators proposed the COD tests that are similar to soccer specific COD 
patterns (straight sprint with 90° to 180° COD), attempting to explain the relationship 
between strength and its derivatives and COD performance (Barnes et al., 2007; Castillo-
Rodríguez et al., 2012; Jones et al., 2009; Nimphius, McGuigan, & Newton, 2012). To our 
knowledge, these are the only studies to examine the effect of lower body maximal strength 
and strength characteristics on COD performance.  
 Spiteri, Cochrane, Hart, Haff, and Nimphius (2013) divided subjects into stronger and 
weaker groups by measuring their single leg mid-thigh pull peak force (N kg-1). The result 
indicated that the stronger group had better COD performance in terms of generating higher 
breaking force, propulsive force, breaking impulse and propulsive impulse. The stronger 
group also showed a faster post-COD stride time compared to the weaker group. However, 
the subjects in both the stronger and weaker groups were recreational athletes. Furthermore, 
the sports they participated in were not identical (soccer, basketball, and netball). It is hard to 
speculate whether the results could apply to other populations. Thus, this study will provide 
information about the effects of lower body strength and strength characteristics on straight-
line sprinting and COD performance in NCAA Division I soccer athletes.  
Assumptions 
 It is assumed that the characteristics of men and women soccer players in this study 
from East Tennessee State University (ETSU) represent the characteristics of collegiate 
soccer athletes at other mid-Division I NCAA institutions. It is also assumed that all 
participants were not affected by injuries and that all participants performed maximal effort 
during IMTP, straight-line sprinting, vertical jumps, and COD test. 
 17 
Delimitations 
 Participants were limited to athletic populations who are participated and trained with 
men and women soccer teams as collegiate soccer players at ETSU.  Participants were also 
limited to those who are familiar with Sport Performance Enhancement Consortium (SPEC) 
testing protocol, which consists of loaded and unloaded vertical jumps and IMTP tests to 
assess lower body strength and power characteristics. For this reason, testing reliability could 
be better ensured in order to investigate the relationships with COD tasks. All participants in 
this study had to be healthy and free from injury 6 months prior to the experiment. 
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CHAPTER 2 
REVIEW OF LITERATURE 
 The content of this chapter is focused on the overview of current literature that deals 
with the relationships between athletes’ lower body strength, power characteristics, and COD 
performance. First, the differences between agility and COD are defined. Two major 
components in agility performance including perceptual factors and decision-making and 
COD speed are briefly described. Second, physical and biomechanical features associated 
with COD in team sport athletes are introduced. Specifically, the factors related to muscle 
qualities and CODA, including lower body strength, jumping abilities, and acceleration 
ability are comprehensively discussed. This is followed by the outline of COD tests 
methodologies and training studies that focused on transfer effects from strength and power 
training to athletes’ CODA.  
Defining Agility and Change of Direction Ability (CODA) 
 Agility has been considered as one of the critical motor abilities for team sport 
athletes (Chaouachi et al., 2009; Gabbett, Sheppard, et al., 2008; Little & Williams, 2005; 
Sheppard & Young, 2006; Young, Benton, Duthie, & Pryor, 2001). Some authors have 
shown evidence that agility can be used as the most relevant physical capabilities for 
identifying talent in youth soccer players (Reilly, Bangsbo, & Franks, 2000; Reilly, Williams, 
et al., 2000).  
  Sheppard and Young (2006) have defined agility as “rapid whole body movement 
with change of velocity or direction in response to a stimulus” (p. 919). In the theoretical 
model they proposed, two of the primary components contributing to athletes’ universal 
agility performance are: 1) perceptual factors and decision-making, which belongs to 
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cognition aspect and 2) CODS, which categorized as physical capacity (Sheppard & Young, 
2006). More recently Spiteri et al. (2013) have described agility as the ability to perform 
reactive movements under either offensive or defensive conditions. In many team sports such 
as basketball, soccer, rugby, and Australian Rules football (ARF) agility plays a huge role in 
a game situation (Sheppard & Young, 2006). Those agility movements require athletes to 
perform intermitted high intensity activities including acceleration sprinting, deceleration 
stopping, and rapidly turning to a new direction (Baker & Newton, 2008; Hewit, Cronin, 
Button, & Hume, 2011; Hewit et al., 2012c; Spencer et al., 2005).  In order to better 
understand the physiological and biomechanical characteristic features of agility, different 
authors have investigated the relationships between agility and athletes’ physical capacities, 
which are broadly discussed in the following sections (Baker & Newton, 2008; Castagna et 
al., 2007; Gabbett, 2007; Gabbett, Kelly, et al., 2008; Lloyd et al., 2013; Oliver & Meyers, 
2009; Spencer et al., 2005).  
 The common movement patterns involved in team sports usually contain certain 
distances (5-30m) of linear acceleration, followed by a deceleration prior to a change in 
direction (Hewit, Cronin, Button, & Hume, 2010; Hewit et al., 2011).  Furthermore, athletes 
often move to a new direction based on reading the current position or the knowledge of the 
game under an offensive or defensive situation (Sheppard & Young, 2006; Spiteri, Nimphius, 
& Cochrane, 2012; Young & Farrow, 2006, 2013; Young et al., 2002). Therefore, the general 
idea of agility from recent literature has been referred as the ability to sprint with rapid 
change of directions while reacting to outside stimuli (Brughelli et al., 2008; Sheppard & 
Young, 2006; Young & Farrow, 2013; Young & Willey, 2010). 
 Although the term “agility” has been widely used in existing literature, the exact 
definition is still has not gained a consensus in sport science, sport medicine, and the strength 
and conditioning field (Salaj & Markovic, 2011; Sheppard & Young, 2006). For example,  20 
terms have been used in literature, such as preplanned movement, predetermined movement, 
quickness, cutting maneuver, shuttle run, and reactive agility. Theses terms have also been 
used in scientific articles to refer to athletes’ agility performance (Barnes et al., 2007; 
Brughelli et al., 2008; Cowley, Ford, Myer, Kernozek, & Hewett, 2006; Gabbett, Kelly, et al., 
2008; Harris, Stone, O'Bryant, Proulx, & Johnson, 2000; McLean, Lipfert, & van den Bogert, 
2004; Spiteri et al., 2012).  
 Thus, those movements that allow athletes to finish a change of direction task without 
processing a thought, and for which athletes apparently know the paths they will complete 
before performing it, have been defined as COD speed (CODS) or COD ability 
(CODA)(Oliver & Meyers, 2009). The majority of CODS and CODA tests are performed in 
comparatively closed environments so that participants have no need to react to outside 
stimuli when executing their tasks (Gabbett, Kelly, et al., 2008; Oliver & Meyers, 2009). The 
most common tests for evaluating CODS and CODA are the “L” run, T-test, Pro-agility test 
and Illinois agility run, in which athletes start the test from a stationary stance and accelerate 
then change direction in the horizontal plane (Brughelli et al., 2008; Gabbett, Kelly, et al., 
2008; Oliver & Meyers, 2009) It has been suggested that the ability to express a high rate of 
force development and high power outputs are related to superior athleticism, such as 
jumping, sprinting, and COD performance in team sports athletes (Stone, Stone, & Sands, 
2007). It is also not uncommon for strength and conditioning coaches to have a goal of 
helping their athletes pursue better neuromuscular strength and power performance. 
Consequently, the main focus of this study is to examine the interactions between muscle 
qualities, especially lower body strength and power characteristics, and COD performance.
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Perceptual and Decision-Making Factors  
 Recently studies have attempted to examine the effects of cognition components on 
team sport athletes’ agility performance (Gabbett & Benton, 2009; Gabbett, Kelly, et al., 
2008; Scanlan, Humphries, Tucker, & Dalbo, 2013; Sheppard, Young, Doyle, Sheppard, & 
Newton, 2006; Young & Rogers, 2013). In considering perceptual and decision-making 
aspects in an athlete’s agility performance, the first question that arises is whether these 
cognition factors impact agility performance or not. Previous studies have showed that the 
rate of processing a stimulus while changing direction could be a good tool to distinguish 
athletes’ skill level. Athletes at higher levels tend to have faster reaction time and better 
agility performance (Gabbett, Kelly, et al., 2008; Lockie, Jeffriess, McGann, Callaghan, & 
Schultz, 2013; Oliver & Meyers, 2009; Sheppard et al., 2006). Gabbett, Kelly, et al. (2008) 
investigated the relationships between speed (5m, 10m, and 20m sprint), CODS (L run, 505 
test, and modified 505 test) and reactive agility in 42 rugby players who were divided into 
two groups based on their skill level (first level, n=12; second level, n=30). The first level 
players showed a significantly faster movement time during the reactive agility test, which 
means better cognition to deal with outside stimuli compared to second level players. 
Sheppard et al. (2006) also reported the similar results of the AFL players.  
 More recently, a study was designed to ascertain if these perceptual, decision-making 
abilities are trainable (Young & Rogers, 2013).  In this study, 25 elite U-18 AFL players were 
randomly assigned to either a change of direction group or a small-sided game group.  The 
training session went over 7 weeks with 11 training sessions (15min/session), The small-
sided game group showed significant improvement of total movement time, which was 
attributed to the reduction of the decision time of planned an AFL agility test and a video-
base reactive agility test. This result did not happen to the change of direction group. Those 
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results also confirmed the points from Young and Farrow (2013) that athletes could improve 
reactive agility performance by training under sport-specific stimuli.  
Change of Direction Speed  (CODS) 
 Straight-line sprinting in soccer matches have been analyzed as the most frequent 
actions prior to a goal in both scoring and assisting players (Faude et al., 2012). In team 
sports many authors have categorized speed into acceleration speed, maximal sprint speed, 
and CODS (Castillo-Rodríguez et al., 2012; Kawamori, Nosaka, & Newton, 2013; Lockie, 
Murphy, Knight, & Janse de Jonge, 2011). Time-motion studies have showed that the typical 
sprint attended in a soccer match is less than 10m (Hoff & Helgerud, 2004). Therefore, it is 
reasonable to investigate the relationship between acceleration speed and CODS. It is also 
assumed that acceleration speed has common features with CODS due to the straight 
sprinting from initial static position (Jones et al., 2009; Nimphius et al., 2010; Peterson et al., 
2006; Young et al., 2002). However, correlation studies have revealed inconsistent results. 
According to the results presented by Peterson et al. (2006) and Jones et al. (2009), straight 
sprint showed statistically negative correlations with COD tests (r = -0.51-0.84). Conversely, 
Young, McDowell, and Scarlett (2001) and Young et al. (2002) have been reported opposing 
results. Sheppard and Young (2006) stated that the inconsistent results might be contributed 
to different COD testing methods. In those studies with strong correlations, the COD tests 
usually contain one COD movement (Brughelli et al., 2008; Sheppard & Young, 2006). The 
more the directions change, the less shared variances between CODS and straight sprint 
(Little & Williams, 2005) and the less the transfer from straight sprint training to CODS as 
well (Sheppard & Young, 2006; Young, McDowell, et al., 2001).   
 As most studies attempted to test the relations between straight-line sprinting and 
CODS, the reacceleration phase after changing to a new direction may contribute to overall 
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COD performance. However, research on this issue is lacking. To our knowledge, only two 
studies have explored the relationships between muscular strength qualities and 
reacceleration ability. Castillo-Rodríguez et al. (2012) tested 45 physical education students 
with two COD tests, both of which covered 10m distances. Two turns (90° and 180°) after an 
initial 5m sprint was performed to present different COD tasks. Partial times were recorded to 
present the acceleration (first 5m) and reacceleration (second 5m) times. CMJ (bilateral and 
unilateral) and drop jump (30cm and 15cm) were also measured to evaluate the relations with 
COD tests. The results showed that all jumps had significant negative correlations with two 
CODS, specifically, the greater the jump height of CMJ and DJ, the less time spent when 
executing reacceleration. Moreover, Spiteri et al. (2013) reported statistical differences 
between stronger group and weaker groups on braking and propulsive impulse in COD tests. 
Subjects who performed above 50-percentile using IMTP were defined as stronger group, 
weaker group were those who performed below 50-percentile. The stronger group also 
showed faster post-COD strides speed than weaker group. Based upon these data muscular 
strength and power contribute to CODS, especially in the reacceleration phase. However, no 
existing study has identified which strength and power characteristics are related to CODS 
(both acceleration and reacceleration phases). More research is needed. 
Leg Strength and Power in COD Performance 
 It has been proposed by Young et al. (2002) that muscle qualities such as leg strength, 
power, and reactive strength may be the decisive factors in athletes’ CODA. Leg strength 
qualities also have been studied in relation to COD performance (Gabbett, Kelly, et al., 2008; 
Jones et al., 2009; Nimphius et al., 2012; Spiteri et al., 2013). Speed and CODS development 
are prominent features in many strength and conditioning programs. Strength and 
conditioning coaches and sport scientists often test and monitor athletes’ leg strength and 
power regularly to analyze the relationships of those leg strength characteristics to speed and  24 
CODA performance (Gonzalez et al., 2013; Gonzalez, Hoffman, Scallin-Perez, Stout, & 
Fragala, 2012). Therefore, it is worthwhile to determine which leg strength qualities are more 
relevant to CODA in team sports athletes. In this section leg strength characteristics that were 
tested by dynamic exercises, for example, 1RM and 3RM squat, in the isometric fashion, 
such as IMTP, isometric squat strength (ISOS), and by isokinetic devices are discussed. Leg 
power and its performance characteristics, which were tested via different vertical jumps, are 
also illustrated the relations with CODA. The topic of unilateral movement during COD 
(dominant and nondominant) and muscle power asymmetry is included in the last section. 
Relationships with Leg Strength 
Strength can be defined as the ability of a muscle or muscle groups to generate force 
(Bompa & Haff, 2009; Stone et al., 2007). Muscular strength has been related to sprint 
performance in many sports(Comfort, Haigh, & Matthews, 2012; Cunningham et al., 2013; 
Hori et al., 2008; McBride et al., 2009; Wisloff, Castagna, Helgerud, Jones, & Hoff, 2004). 
Strength is also vital for soccer performance (Hoff, 2005). Wisløff et al. (2004) reported very 
strong correlations between 1 RM half squat strength and 10m sprint (r = -0.94), 30m sprint 
(r =-0.71), 10m shuttle run (r =-0.86), and vertical jump height (r = 0.87) in national level 
soccer athletes. Similar results using squats have also been reported in national level softball 
players (Nimphius et al., 2010, 2012), American football (Harris et al., 2000), and rugby 
(Argus, Gill, & Keogh, 2012). Therefore, it is reasonable to examine the relationship between 
leg strength and CODA in team sports athletes.  
Traditionally, 1 RM squat (absolute and relative) has been used as a tool for evaluating 
leg strength in field setting (Hori et al., 2008; Jones et al., 2009; Keiner, Sander, Wirth, & 
Schmidtbleicher, 2013; Moore & Fry, 2007; Nimphius et al., 2010). Many authors have 
reported the positive correlation between 1 RM squat and COD performance. Stone, Moir, 
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Glaister, and Sanders (2002) found that both absolute and relative 1RM parallel squat were 
strongly negatively correlated to badminton COD tests (single and multiple bouts) for 
national level badminton players (r = -0.65 to -0.79). Peterson et al. (2006) investigated 54 
college athletes (n =19 men and 36 women). The COD test showed the strong negative 
correlations with 1RM squat and 1RM squat . kg body mass-1 (r = -0.784 to 0.805). However, 
when comparing relative strength (1RM squat . kg body mass-1) and COD performance by 
sex, only female athletes showed a strong significant relationship (male = -0.33, female = -
0.63). This result may indicate the importance of absolute strength in COD performance, it 
may also indicate the greater strength is needed when athletes’ body masses are heavier.   
Nimphius et al. (2010) reported similar results. In this study three testing sessions took 
place pre, mid, and post a 20-weeks training period in 10 female softball players from the 
Australia national team. The 505 COD tests from dominant (D) and nondominant (ND) sides 
were measured to evaluate athletes’ CODA.  Interestingly, the statistical significant 
correlation between relative strength (1RM squat.kg body mass-1) and 505 COD tests only 
was displayed on the ND side (r = -0.75to -0.85). The only statistical significance from the 
505 D side were mid testing session (r = -0.75). The authors concluded that the superior 
results from ND sides could be speculated to relate to the weaker strength of the ND side. In 
addition, Hori et al. (2008) examined the relationships between 1RM front squat (FS), 1 RM 
hang power clean (HPC), and COD performance (505 test) in semiprofessional rugby 
players. Moderate negative significant correlations were reported between FS, HPC, and 
COD tests (r = -0.41-0.51). On the other hand, Markovic (2007) found a low negative 
correlation (r = -0.17-0.31) between an isonertial squat (1RM) and three COD tests (side 
stepping, 20-yd shuttle run, and slalom run). However, the subjects from this study were 
physical education students (n=76), 14 of whom were varsity teams members. Although the 
authors stated that all of subjects had at least 1 year of resistance training experience, the  26 
lower strength level and testing method (smith machine) may be questioned. In general, those 
studies provided the preliminary evidence that leg strength, especially 1RM squat (absolute 
and relative), was critical to COD performance. COD tests require subjects to rapidly 
accelerate from static positions and change to new directions in short distances. The ability to 
exert peak force dynamically may help to improve COD movements by overcoming the 
inertia during the change of a new direction. 
 Very few studies have examined the relationship between isometric strength and COD 
performance (Barnes et al., 2007; Spiteri et al., 2013). Barnes et al. (2007) measured 
volleyball players’ leg strength via isometric squat (ISOS) test. Athletes from Division I (n= 
9), Division II (n= 11), and Division III (n= 9) participated and represented different 
performance levels. The results showed a moderate negative correlation between ISOS peak 
force (PF) and COD test (r = -0.37).  Another study by Spiteri et al. (2013) examined the 
relationship between athletes’ CODA and leg strength via a more specific test. Twenty-four 
collegiate recreational athletes were divided into a stronger group and a weaker group. 
Stronger group was formed of those athletes who performed above 50 percentile using 
isometric strength test from the dominant side in respect to cutting direction. The COD test 
started with a straight sprint (6m) followed by one foot contacting with the force plate, 
cutting 45° and then athletes sprinting 2.5m to finish the test. Vertical and horizontal ground 
reaction forces (GRFs), impulse during braking and propulsive phases and kinematics 
variables were recorded to compare the group differences during a COD task. Interestingly, 
the stronger group revealed statistically significant differences for all testing variables except 
for approach velocity and total running time compared to weaker group. Further, the stronger 
group showed higher GRFs and impulse during braking and propulsive phases and 
demonstrated a faster post-COD stride. Those results showed that stronger people have 
superior ability to decelerate and reaccelerate during a COD task, which is vital to total COD  27 
performance. The study was the first one to measure COD performance with a more precise 
method. Most studies that have failed to demonstrate strong relationships between strength 
and COD test may be due to the insensitive testing method in which total task times were the 
only variables to compare with different strength characteristics.   
The measurements of leg strength via isokinetic dynamometers have been reported in 
COD studies (Chaouachi et al., 2009; Chaouachi et al., 2012; Jones et al., 2009; Young et al., 
2002). Young et al. (2002) found low and nonstatistically significant relationships between 
unilateral and bilateral concentric power with straight sprints of different angles of change of 
directions (20°, 40°, 60° and 4 changes of direction of 60°, 2 to left and 2 to right). Only two 
variables showed statistical significance, which were bilateral power and single sprint with a 
change of 40° to the right. However, the findings from Chaouachi et al. (2012) showed the 
moderate relationships of strength on CODA (R2=0.45-0.48), similar to the reports from 
Jones et al. (2009). The inconsistent results may be due to the subjects’ background (elite 
soccer players and university students) and because of the different strength levels. 
Furthermore, although the reliabilities of isokinetic strength tests have been reported in 
previous literature (Brown, Griffiths, Cronin, & Brughelli, 2013; Newton et al., 2006), the 
application from single-joint tests to multiple joints and complex tasks is doubtful (Stone et 
al., 2007). Future research should examine the relationship between leg strength and CODA 
with multiple joints tests.  
Relationships with Leg Power 
The ability to express high forces and high power outputs might be one of the most 
vital characteristics between winning and losing (Stone et al., 2007). The relationship 
between athletic movements and the capacity to produce high power outputs has been 
recognized in the sport science field (Haff & Nimphius, 2012; Stone et al., 2007).  Research 
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has proved that powerful athletes tend to sprint faster (Cronin & Hansen, 2005; Hori et al., 
2008; Peterson et al., 2006; Wisloff et al., 2004), jump higher (Barnes et al., 2007; Kraska et 
al., 2009; Stone et al., 2007), and perform better in different COD and repeated sprint tasks 
(Barnes et al., 2007; Hori et al., 2008; Nimphius et al., 2010; Spiteri et al., 2012; Stojanovic 
et al., 2012). Evidence has also been shown that powerful athletes are stronger than their 
weak counterparts (Cormie, McGuigan, & Newton, 2010; Kraska et al., 2009; Stone et al., 
2007).  
Furthermore, many researchers used vertical jumps as a key physical characteristic to 
identify athletes’ performance across different sports, such as basketball (Chaouachi et al., 
2009; Hoffman et al., 1996; Stojanovic et al., 2012), volleyball (Barnes et al., 2007), softball 
(Nimphius et al., 2010), rugby (Cronin & Hansen, 2005), soccer (Vescovi & McGuigan, 2008; 
Wisloff et al., 2004), American football (Harris et al., 2000), weightlifting (Stone et al., 2005), 
and track cycling (Stone et al., 2004). Hence, the vertical jump and its derivative variables 
often represent athletes’ leg power performance in sport science related research. In this 
section, jump height (JH), CMJ, SJ, and drop jump (DJ) are reviewed, along with the 
associations with CODA from existing literature.  
When examining the vertical jump height and CODA, athlete populations seemed to 
have superior interactions than nonathlete populations. Hori et al. (2008) investigated the 
relationship of 505 COD test and a variety of leg power performance in 29 semiprofessional 
ARF players. The significant relationship was observed between CMJ height (CMJH) and 
COD test (r = -0.42). Group differences (top and bottom 50% of 1RM hang power clean) of 
CMJH were also reported. Similar results were reported by Vescovi and McGuigan (2008). 
Female athletes from high school soccer (n= 83), college soccer (n= 51), and college lacrosse 
(n= 79) participated in this study. Moderate to large (r = -0.47-0.69) relationships between 
CMJH and COD tests were found. Additionally, two COD tests (Illinois and Pro-agility tests),  29 
which were used in this study, shared many variances (r2 = 0.60 in college soccer group), 
indicating one of these two COD tests may be appropriate to evaluate female athletes COD 
performance.  
 Barnes et al. (2007) examined the CMJH and shuttle COD test on a custom-made 
runway with a tri-axial AMTI force plate built in at the end. Athletes performed a sprint from 
the starting line, cutting on the force plate and turning 180°. After turning, athletes were 
required to sprint back to the starting line. Kinetics variables were collected using a force 
plate. Intriguingly, CMJH showed a statistically negative correlation with total task time 
(TT)(r = -0.58), drop jump height (DJH)(r = 0.528), reactive strength index (RSI, calculated 
by jump heigh/contact time) (r = 0.545) and vertical peak force (VPF) (r = 0.421). The 
authors concluded that the CMJH could be used as a predictor for athletes CODA.  Jones et al. 
(2009) found a moderate negative correlation (r = -0.498) when evaluating CMJH and COD 
(505) test in 38 college students.  
In contrast, Salaj and Markovic (2011) found weak negative correlations between 
CMJH and two COD tests (lateral stepping and figure 8 run)(r = -0.15 to -0.24) in a group of 
college students. However, moderate to strong negative correlations (r = -0.49 to -0.59) 
between CMJH (bilateral and unilateral) and COD (TT of a 5-5 COD test) performance were 
found in college physical education students (Castillo-Rodríguez et al., 2012). CMJH (both 
leg, left and right side) and DJH (15 and 30cm) were used to examine the relationships 
between leg power and COD tasks. Although the DJH (both15 and 30cm) showed significant 
relationships with the COD test, a regression analysis found CMJH (right side) was the best 
predictors for COD performance (adjusted R2=0.46).  In order to determine the interactions 
between vertical jump height and COD performance, more research is needed.  
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Additionally, peak power (PP)(W) from CMJ and SJ has shown a connection with 
COD performance. Peterson et al. (2006) found a strong negative correlation (r = -0.73) 
between COD test and PP using a jump and reach test, PP was calculated using the equation 
established by Sayers, Harackiewicz, Harman, Frykman, and Rosenstein (1999); however, 
the associations were weak when compared by sex (male= -0.03, female= -0.21). On the 
other hand, Hori et al. (2008) investigated the effects of absolute PP and relative PP (Watts 
divided by subjects’ body mass) during CMJ under loaded (40kg bar) and unloaded 
conditioning. Both CMJ PP and relative CMJ PP showed significant correlations with the 
COD test. More recently Nimphius et al. (2010) have found results similar to those reported 
in previous study. PP from the Jump Squat (JS) with the following loadings: body mass (JBM), 
BM+Bar (24.5kg)(JSBar), BM+40% of 1RM (JS40), BM+60% of 1RM (JS60), BM+80% of 
1RM (JS80) were used to evaluate the relationships with COD (505) test during pre-, mid-, 
and posttests of a 20-week training period. Interestingly, all JS PP showed no relation to 
COD (both ND and D) at pretest, however, strongly negative correlations revealed at mid-test 
(r = -0.66 to -0.90). Only ND side COD test showed significant correlations with JS PP at 
posttest (r = -0.76 to -0.85). Despite the insufficient evidence from the above studies, it 
appears that both PP and PP/BM from CMJ and JS may impact COD performance. Those 
results also indicated that athletes needed to apply greater forces during COD movements, 
which were similar to eccentric forces generated during CMJ and JS with different loading 
conditions. More research is necessary in order to better explain the relationships between 
COD and leg power characteristics. 
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Relationships with Acceleration Sprint 
 Traditionally strength and conditioning professionals tend to believe there is a strong 
relationship between athletes’ sprinting performance and CODA and training athletes’ 
sprinting ability could transfer to their CODA as well (Brughelli et al., 2008; Sheppard & 
Young, 2006). However, there is a lack of research to confirm this statement. Based on the 
results presented by Young, McDowell, et al. (2001), straight sprint training could not 
transfer its training effect to COD performance, the more directions to change, the less the 
transfer of training from sprinting ability. Little and Williams (2005) also stated that straight 
sprint and COD are distinctive physical abilities due to the small shared variances (r2 =0.11). 
Nevertheless, the results are not entirely clear.  
 More recently many authors have measured the acceleration ability in team sport 
athletes in order to answer more specific questions about the interactions between CODA and 
straight sprinting (Baker & Newton, 2008; Chaouachi et al., 2012; Condello, Minganti, et al., 
2013; Condello, Schultz, & Tessitore, 2013; Scanlan et al., 2013; Vescovi & McGuigan, 
2008). In terms of acceleration ability, time spent between 0-20m has been proposed as a 
valid value to measure (Young et al., 2008).  Vescovi and McGuigan (2008) reported 
moderate to large positive relationships (r = 0.30 to 0.67) between 9.1m sprint time and two 
COD tests (Illinois and slalom tests). The results were even stronger when comparing flying 
9.1m and COD tests (r = 0.58 to 0.77). Moreover, Condello, Minganti, et al. (2013) tested 
157 youth rugby players (age range 8-19y) with 15m straight-line sprinting (15SS) and 15m 
COD test (15COD). The results from this study showed a strong positive correlation between 
15SS and 15 COD in each age group (r = 0.55 to 0.90) and the pooled sample (r = 0.75). 
Other studies also revealed similar results (Condello, Schultz, et al., 2013; Jones et al., 2009; 
Nimphius et al., 2010; Peterson et al., 2006). The conflicts resulting from previous studies are 
most likely due to 1) the sprinting distance, as the relationships decreased when athletes were  32 
required to sprint longer distances and 2) different testing protocol, as the complexity of COD 
tests increased, less associations were showed between straight sprint and CODA.    
Relationships with Unilateral Strength 
 Asymmetry in sports, such as range of motion, flexibility, limb length, weight 
distribution, and force production, has been gaining interest (Bailey, Sato, Alexander, 
Chiang, & Stone, 2013; Hewit, Cronin, & Hume, 2012a, 2012b; Hoffman, Ratamess, Klatt, 
Faigenbaum, & kang, 2007; Impellizzeri, Rampinini, Maffiuletti, & Marcora, 2007; Sato & 
Heise, 2012). More recently the topic of the unilateral strength and COD performance also 
has drawn investigators’ attention (Chaouachi et al., 2012; Henry, Dawson, Lay, & Young, 
2013; Hoffman et al., 2007; Young et al., 2002). Young et al. (2002) sought to determine the 
relationships between concentric power, reactive strength and sprints with change of 
direction at different angles (20°, 40°, 60° and four changes of direction of 60°, two to left 
and two to right). It was assumed that unilateral strength and power may impact CODS due to 
the single leg lateral push-off during turning. Male athletes (n=15) from club level 
participated in this study. Unilateral power outputs from left and right sides were measured 
using an isokinetic dynamometer knee extension at a set of speed of 40°. sec-1 . Reactive 
strength from both sides was examined by a drop jump test. The reactive strength score was 
calculated as jump height (cm)/contact time (sec). No significant correlations were found 
between unilateral power outputs and COD tests; some moderate and statistically significant 
coefficients were found between the right side reactive strength score and COD tests. It was 
concluded that the participants who turned faster on one side tended to have a higher reactive 
strength performance. The other study by Hoffman et al. (2007) found a statistically 
significant difference of unilateral jump power outputs between D and ND sides. However, 
the power deficit between N and ND (9.7±6.9%) did not relate to COD performance. Future 
research should focus on investigating the effects of leg strength symmetry during COD tests.   33 
Strength and Power Training Effects on CODA 
 There are a few of studies that have examined the positive transfer effects of strength 
and power training on COD performance (Harris et al., 2000; Keiner et al., 2013; McBride, 
Triplett-McBride, Davie, & Newton, 2002; Miller, Herniman, Ricard, Cheatham, & Michael, 
2006; Moore & Fry, 2007; Nimphius et al., 2010, 2012). However, some studies have failed 
to show the CODA improvement from strength and power training (Brughelli et al., 2008; 
Jullien et al., 2008; Tricoli, Lamas, Carnevale, & Ugrinowitsch, 2005). Interestingly, some 
authors have also reported mixed results (Harris et al., 2000; Moore & Fry, 2007).   
 To our knowledge, there is only one study that has examined the long-term strength 
training effect and soccer players’ COD performance. In this study Keiner et al. (2013) 
evaluated the relationships between the 1RM squat . body weight-1 (SREL) in the back squat 
and front squat and COD performance. In this study 112 male soccer players were recruited 
and divided into a strength-training group (STG) and a second group (CG). The STG group 
went through approximately 2 years of soccer training with two strength training sessions per 
week. The CG group only participated in regular soccer practices. Subgroups from those two 
groups were also categorized (A= under 19 years old, B= under 17 years old, C= under 15 
years old) in order to compare the training effect on different maturation levels. Results 
showed that the additional strength training over 2 years significantly affected players’ COD 
performance. All subgroups from the STG group showed a significantly faster COD time 
compared to CG. A moderate to high negative correlation between the COD test and SREL 
was also revealed. The authors concluded that transfer effects from long-term periodized 
strength training positively improve soccer players’ speed-strength during COD tasks.  
 Similarly, Nimphius et al. (2012) found the CODA improvement after 14 weeks of 
peridozed resistance training (RT) intervention. Ten softball female athletes from the 
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Australian national team participated in this study. Muscle architecture, 1RM squat, 1 RM 
squat .BM-1 (kg), first and second bases sprint time, and D and ND sides of 505 COD tests 
were measured. The RT was executed in two to three sessions in conjunction with the regular 
skill-training sessions. After 14 weeks of RT training, significantly different results showed 
on all testing variables, except for the 505 ND and first sprint. Large to very large 
relationships in percent changes of relative squat strength (squat 1 RM.BM-1) were 
demonstrated on 505 ND (r = -0.51) and 505 D (r = -0.70). The authors explained that the 
nonsignificant results of 505 ND after RT training might be related to athletes’ weak sides, 
also commonly reported in softball (Newton et al., 2006; Nimphius et al., 2010).  
 In addition, 8 weeks of jump squat training also showed the improvement of the COD 
performance (McBride et al., 2002). Subjects with 2 to 4 years of resistance training 
experienced were divided into a heavy-load jump group (80% of 1 RM) and a light-load jump 
group (30% of 1 RM). Significantly decreased COD time was reported on both group after 
training period.  This study showed the potential beneficial transfer effects from training 
vertical movements (applying vertical force of jump squat) to horizontal movements (t-test). 
Similar training effects were also reported by Miller et al. (2006). The subjects went through 
6 weeks of unilateral and bilateral jumps training in both vertical and horizontal direction. 
The results displayed a statistically significant decreased of the T-test and the Illinois agility 
test time. From those two studies, a higher eccentric strength would be required when 
subjects squat down to the bottom position, which might mimic the braking phase during 
COD movements (Glaister, Orendurff, Schoen, Bernatz, & Klute, 2008; Haff & Nimphius, 
2012; Miller et al., 2006; Spiteri et al., 2013). 
 Additionally, there are two training studies that have reported intriguing results.  
Harris et al. (2000) investigated periodized weight training effects on Division I football 
players. Athletes were assigned to a high force group (HF; n=13, 80%-85% of 1RM value), a  35 
high power group (HP; n=16, relative intensity about 30% of peak isomeric force) and a 
combination group (COM; n= 13), each group trained 4 days per week for 9 weeks. Prior to 
the training, all of three groups went over an identical 4 weeks period of high volume weight 
training (sets of 10 repetitions); a 10-yard shuttle run was employed to evaluate athletes’ 
CODA. Only COM showed the significant decreasing of 10-yard shuttle run (7%) compared 
to HF and HP. The authors suggested the training adaptation might be from training both 
neural and elastic components and muscle contraction speed. One must consider that a 
possible factor that influences athletes’ COD performance is the summation total training 
stress.  Moore and Fry (2007) examined performance and hormonal response changes after 
15 weeks of football off-season training period in Division I level athletes. Performance and 
hormonal variables were evaluated prior to training (T1). And the first 4-weeks of weight 
training (T2), following by 5 weeks of a combination of weight training and high volume 
conditioning that included a series of COD drills (T3). Theoretically, we would expect COD 
performance to be better after training with specific COD drills. Surprisingly, the COD 
performance, 1RM squat and 1RM power clean significantly improved at T2 without any 
COD drills intervention. However, the COD performance that was tested by a 20-yd pro-
agility test did not progress at T3. Furthermore, the serum testosterone level significantly 
decreased. Furthermore, both 1RM squat and 1RM power clean reached a significant 
decreased at T3.  The results indicated the importance of total training volume that directly 
affects COD performance. Too much training volume could cause the dramatic decreasing of 
CODA. The results also showed the inverse relationship between serum testosterone level 
and strength performance (1RM squat and 1RM power clean), indicating too much training 
volume may impair athletes’ strength development. Therefore, combing high eccentric force 
training and periodized weight training that smartly manipulated training volume might 
improve athletes’ COD performance. More longitudinal research is needed.                 
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 The inconsistent results from previous studies could be speculated as the combination 
of complex factors, for example, length of training period (short term versus long term), 
training age and status of subjects (physical education students versus athletes populations), 
training modalities (machines versus free weights; plyometric versus weightlifting 
movements), testing methods (agility versus CODA). Therefore, more research is needed to 
clarify the strength and power training effects on COD performance.   
Summary 
  Agility has been considered as one of the essential components to athletes’ success, 
especially for team sport athletes (Gabbett, Kelly, et al., 2008; Reilly, Bangsbo, et al., 2000).  
However, most studies have failed to approach the appropriate term describing the 
differences between agility and CODA. Many authors have defined agility as the ability to 
rapidly change directions with minimal loss of movement speed while responding to the 
outside stimuli (Sheppard & Young, 2006; Young & Farrow, 2013). This ability is 
particularly crucial for team sport athletes to evade or gain positional leads during game 
situations (Chaouachi et al., 2012; Green, Blake, & Caulfield, 2011b). On the other hand, 
preplanned movements with quick changes of directions also called CODA, which plays an 
equally important role in game environments (Nimphius et al., 2010; Spiteri et al., 2013).  In 
this study CODA is specifically defined as the ability to accelerate from a standing position, 
decelerate and reaccelerate followed by changing to new direction without reacting to outside 
stimuli.  
 Although improving athletes’ lower body strength and power performance are the 
main goals in most strength and conditioning programs, very few studies have evaluated the 
transfer effects from strength and power training to CODA. Inconsistent results from 
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previous studies might be explained from the diverse testing methods, subjects’ background, 
training modalities, and the length of training intervention.       
 The relationships between CODA and lower body muscle qualities have been 
documented in literature. Jumping and sprinting are commonly used to investigate whether 
the ability to generate high forces could be the limiting factors to CODA. Dynamic strength, 
specifically relative back squat strength (back squat/BW), also has been reported as a crucial 
factor to sprint and COD performance. However, the paucity of research could not fully 
explain the underlying mechanisms between lower body strength qualities and COD 
performance. This study potentially connects the specific COD test that the movement pattern 
is similar to real soccer match. Consequently, straight-line sprinting and different lower body 
strength and power characteristics from loaded and unloaded vertical jumps and IMTP were 
examined to investigate the relationships with soccer specific COD. The findings from this 
study would be helpful to provide scientific evidence to coaches and strength and 
conditioning coaches when designing their programs. Ultimately, the results from this study 
would be beneficial for future research as well. 
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CHAPTER 3  
STUDY I 
 
Title: Effects of strength and power on change of direction and straight-ling sprint 
performance in Division I soccer players: An exploratory study   
 
Authors: Chieh-Ying. Chiang, Christopher A. Bailey, Kimitake Sato, Michael W. Ramsey, G. 
Gregory Haff, Michael H. Stone                   




Purpose: The aim of this investigation was to evaluate the relationships between lower body 
strength and power characteristics, change of direction (COD) and straight-line sprint 
performance in collegiate level soccer athletes. Participants: Twenty-four NCAA Division I 
soccer players participated in this study (n =12 female and 12 male; age = 21 ± 1.4y; body 
mass = 74.4 ± 10.3kg). Methods: All subjects performed countermovement jumps (CMJs) 
and static jumps (SJs) with two loading conditions (0kg and 20kg). Jump height (JH) and 
Peak Power (PP) were calculated to examine lower body power characters. Isometric peak 
force (IPF), isometric forces (IF) at 50, 90 and 250 ms were also analyzed from Isometric 
mid-thigh pull (IMTP).  Allometrically scaled variables (absolute force and power 
power . body mass-0.67) were used for statistical analysis. A modified 5-5 COD and 10m-
sprint tests were also measured to represent athletes’ COD and sprinting performance. 
Results: COD and 10m-sprint performance were statistically significantly related (r = 0.54 to 
0.64, p < 0.05). Moderate to strongly negative correlations were revealed between IMTP, 
COD and 10m-sprint (r = -0.28 to -0.65, p < 0.05). Furthermore, JH was statistically 
associated with COD and 10m sprint times (r = -0.41 to -0.81, p < 0.05). In addition, static 
jump height (SJH) could be used to predict COD total time (TT) (R2 = 0.64). Stronger 
athletes also showed superior COD performance (ES= 0.32 to 1.50). Conclusions: Maximal 
strength appears to be closely related to soccer specific movements (COD & sprinting). 
Coaches and strength and conditioning coaches should aim to develop soccer athletes’ 
maximal strength.    
 
 
Key words: soccer, agility, vertical jump, maximal strength, athletic performance 
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 INTRODUCTION 
 Soccer has become one of the most popular sports in the world, and is played by both 
sexes and different ages across all levels. The physical components in soccer, such as 
muscular strength, power, sprint speed and agility, have recently been given more attention 
by sport science and strength and conditioning fields (Chaouachi et al., 2012; Little & 
Williams, 2005). Although the importance of physical capacities in soccer players, such as 
lower body strength and power, have been reported by previous studies (Castillo-Rodríguez 
et al., 2012; Chamari et al., 2008; Vescovi & McGuigan, 2008), the interactions between 
strength, power characteristics and other physical demands, for instance, agility and sprinting, 
remains unclear. 
 Agility is one of the important physical contributions associated with soccer 
performance(Reilly, Williams, et al., 2000). Agility has been proposed as the ability to 
rapidly sprint and change of direction (COD) while also responding to outside stimuli 
(Sheppard & Young, 2006). Agility movements typically involve accelerating (short distance 
<10m), decelerating according to a stimulus (balls, opponents’ defense, executing tactical 
strategies) and then changing to a new direction (Spiteri et al., 2013). Furthermore, COD 
speed and perceptual, decision-making have been suggested as key limiting factors 
underpinning athletes’ agility performance (Sheppard & Young, 2006). Recently, the 
research objectives of agility studies have shifted to a topic that deals with the association of 
athletes’ decision-making processes to sport-specific stimuli (G. Henry, Dawson, Lay, & 
Young, 2011; Serpell et al., 2011). A relatively small number of studies have investigated leg 
strength qualities and COD performance, especially using soccer athletes (Chaouachi et al., 
2012; Vescovi & McGuigan, 2008). 
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 Sprinting happens during a soccer match approximately every 70 seconds, each sprint 
lasting about 2 to 4 seconds (Stølen et al., 2005). Although the total distance covered by 
sprinting is only 1% to 11% of the total distance covered compared with other activities, 
straight sprinting is the most frequent scoring situation in soccer matches (Faude et al., 2012). 
Players also performed about 1300 changes of movement patterns every 4 to 6 seconds under 
off-the-ball conditions (Stølen et al., 2005). Based on the previously discussed evidence, it 
appears that COD and sprinting are two significant movements featured in soccer games.    
 To our knowledge, only one study has investigated the associations of soccer athletes’ 
lower body power, straight-line sprinting and COD performance at the NCAA Division I 
level (Vescovi & McGuigan, 2008). Therefore, the main purpose of this study was to 
evaluate the relationships between various leg strength and power characteristics with straight 
sprint and COD performance in NCAA Division I soccer players. Additionally, maximal 
strength was examined to determine its effects on COD performance between strong and 




 Subjects for this study included 24 collegiate soccer players (n =12 female and 12 
male; age = 21 ± 1.4y; body mass = 74.4 ± 10.3 kg) who participated and competed at NCAA 
Division I level. Data collection was part of a long-term athletes monitoring program at East 
Tennessee State University (ETSU). All participants read and signed informed consent 
documents that were approved by the ETSU Institutional Review Board.  Each soccer athlete 
had prior experience in vertical jumps and isometric mid-thigh pull (IMTP) testing 
procedures that were performed in the ETSU Sport Science laboratory.  
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 Experimental design 
 Soccer athletes performed vertical jump and IMTP testing after a standardized warm-
up. The warm-up protocol has been described in a previous study (Kraska et al., 2009). The 
COD tests were then performed. Ten-meter sprint tests were assessed on a soccer field at 
least 24 hours after vertical jumps, IMTP and COD tests.  
 
Vertical jump tests 
 Countermovement jumps (CMJ) and static jumps (SJ) with loaded (20kg barbell) and 
unloaded (0kg PVC pipe) conditions were performed on a force plate (Rough Deck HP; Rice 
Lake, WI), while data were sampled at 1,000 Hz. Vertical jump tests started with the SJ. 
Athletes stood on a force plate and squatted down to a knee angle at 90° as measured by 
goniometer. Jumps commands were given after athletes stayed in this bottom position for 
three seconds. Two trials of each jump (SJ 0kg and SJ 20kg) were completed with 1 minute 
of rest between each trial. CMJs were tested approximately 3 min after the SJs to remove any 
potential neuromuscular fatigue. Athletes performed a CMJ after descending to a self-
selected depth. Two trials of two loaded conditions (CMJ 0kg and CMJ 20kg) were also 
executed with one minute of rest between trials. The average of each trial (loaded and 
unloaded SJ and CMJ) was used for analysis. Eight jumps from SJs and CMJs were measured 
and variables analyzed from SJs and CMJs included: SJ jump height (SJH, 0kg and 20kg), 
CMJ jump height (CMJH, 0kg and 20kg), SJ allometric scaled peak power (SJ PPa, 0kg and 
20kg) and CMJ allometric scaled peak power (CMJ PPa, 0kg and 20kg). Allometric scaled 
calculations were based on Kraska et al. (2009) and Jaric (2002) which were computed by 
absolute power . body mass-0.67). A customized Labview10.0 software program (National 
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Instruments Co., Austin, TX) was used to analyze all force-time data. A digital low pass 
Butterworth filter with a cutoff frequency of 10 Hz was used to remove electrical noise.  
Isometric Mid-thigh Pull (IMTP) 
 Lower body maximal strength was measured by the IMTP test. The standard protocol 
was based on a previous study (Bailey et al., 2013).  IMTP was tested on the dual force plate 
built into a customized rack (Figure 3.1). Athletes used the weightlifting straps and were 
taped to the bar to ensure the grips strength was not the limiting factor while performing a 
maximal effort. Bar height was adjusted to each individual’s knee angle at 175º±5º and 
125º±5º respectively. This position has been shown to produce the highest peak force 
(Beckham et al., 2013). Then athletes were performed two warm-up trials at approximately 
50% and 75% of maximal effort. Two maximal pulls were executed. The duration for each 
trial was approximately 3 to 4 sec with 2 min rest between trials. Again, data from two trials 
on averaged prior to statistical analysis. Allometric scaled Isometric peak force (IPFa), and 
allometric scaled instantaneous force at 50, 90 and 250ms (F50a, F90a and F250a) were used 
in this study. A customized Labview10.0 software program (National Instruments Co., 
Austin, TX) was utilized to analyze force-time data. A digitized signal was filtered using a 4th 




Figure 3.1. Schematic approach of IMTP test set up
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Change of Direction (COD) test 
 A modified 505 COD test was used to evaluate athletes’ COD performance (Figure 3. 
2). Athletes were required to sprint 5m, perform a 180° turn and sprint back to the starting 
line. Each athlete had two familiarization trials, performed at about 50% and 75% of 
perceived maximal effort, in order to minimize the perceptual and decision making 
component involved in the real trials. A total of 4 trials were recorded (two trials performed 
cutting with left leg, and two trials with right leg), with at least 1 min between each trial. Two 
sets of timing gates were used to assess athletes’ 3m acceleration time (3mAcc), total time 
(TT) and partial time (PT). PT was calculated by subtracting athletes’ 3mAcc by their TT. 
These three variables represent athletes’ abilities to accelerate and re-accelerate during 




Figure 3.2. Schematic approach of COD test 
 
Ten-meter sprint  
The 10m-sprint test was measured to evaluate athletes’ acceleration ability. About 10min of 
dynamic warm-up was implemented prior to the straight sprint test. The dynamic warm-up 
included light jogging (1min), 10 stationary body weight squats, 10m walking lunge, and 
dynamic stretches of hip, thigh and calf muscles. Two submaximal 10m sprints at 50% and 
75% maximal effort were employed as last part of warm-up session. After 3min rest, each 
player performed two trials of 10m straight-line sprints. Sprints were interspersed with 
approximately 2min rest between each trial. The test began using a staggered stance with the  46 
front foot was placed 0.5m behind the starting line. Three sets of timing gates were set up 5m 
apart to measure athletes’ acceleration time. Acceleration time from 5m (Acc5), 10m (Acc10) 
and 5-10m (Acc5-10) were recorded.  
 
Statistical analysis 
 The test-retest reliability of all tests in this study was calculated using intraclass 
correlation coefficient (ICC) with 95% confidence intervals (CI) and coefficient of variations 
(CV). The relationships of COD, 10m-sprint, IMTP and vertical jumps were assessed using 
Pearson’s zero order product-moment correlations. Prediction of TT was performed via 
stepwise multiple regression analysis. In addition, independent samples t-tests were used to 
compare IPFa and COD variables between the strong and the weak groups. A Holm-
Bonferroni sequential adjustment was used to avoid type I error (initial p value set up at 
0.05). The strong group was identified as athletes who performed at the top 25% of the IPFa 
from IMTP test (n = 6, 3 male and 3 female). The weak group was defined as the bottom 25% 
of IPFa of all participants (n = 6, 3 male and 3 female). The strength of relationship was 
based on Hopkins (2002), in which r e  0.30 is moderate; r e  0.50 is strong; r e  0.70 is very 
strong; r e  0.90 is nearly perfect; r e  1.00 is perfect. Cohen’s effect sizes (d) were also 
calculated. Effect sizes are described by Cohen (1988) as small (d d 0 to 0.19), moderate (d = 
0.2 to 0.8), and large (d e  0.8). Statistical significance was set at an alpha level of P d 0.05. 




 The test-retest reliability for COD and 10m-sprint variables are displayed in Table 
3.1, ICC are between 0.72 to 0.96, and CV are between 4.6 % to 8.0 %. Further, the 
reliability for all IMTP and vertical jumps variables are ICCs > 0.96, and CVs are d 3%. 
Table 3.2 shows the correlation results between COD and 10m-sprint tests. 3mA was 
statistically correlated with TT (r =0.71, p < 0.001), TT and PT were also strongly and 
significantly correlated with each other (r = 0.90, p < 0.001). Acc5 was strongly correlated to 
Acc10, as well as the relationship between Acc5-10 and Acc10 (r = 0.80 to 0.85, p < 0.001). 
Furthermore, TT and PT were strongly related to Acc5-10 and Acc10 (r = 0.54 to 0.64). The 
relationships between IMTP, COD and 10m-sprint tests are displayed in Table 3.3. Strong 
and statistically significant negative relationships were found between IPFa, 3mA, TT and PT 
(r = -0.53 to -0.65). All 10m-sprint variables demonstrated small to moderate correlations 
with IPFa (r = -0.28 to -0.40).  Additionally, F250a and TT, F250a and Acc10 were 
significantly and moderately correlated (r = -0.41, p = 0.05).  
 Statistically significant moderate to very strong negatively correlations were revealed 
between COD and vertical jump variables (r = -0.41 to -0.81, p < 0.05)(Table 3.4).  
Although not reaching statistical significance, small to moderate correlations were found 
such as CMJ PPa 0kg and 3mA (r = -0.36), CMJ PPa 20kg and 3mA (r = -0.33), SJ PPa 0kg 
and 3mA(r = -0.37) and CMJH 20kg and Acc5 (r = -0.37). In addition, IPFa and eight 
vertical jumps were significantly strong to very strong correlated (r = 0.55 to 0.75, p d0.05).  
Stepwise multiple regression analysis shows SJH 0kg accounted for 64% (adjusted R2 = 0.64, 
p < 0.001) of the variance in COD TT.  
 Additional comparisons between the strong and the weak group on IPFa and COD 
performance were displayed in Table 3.5. A statistically significant difference was found in 
IPFa between the two groups (p < 0.05, ES = 1.50). There was no statistical significance 
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found for COD variables between the strong and the weak group. However, moderate to large 


















Table 3.1. Test-retest reliability base on ICC and CV for COD and 10m-
sprint variables 
 ICC (95% CI) CV (%) 
3mA  0.89 (0.82-0.94) 8.06 
TT  0.96 (0.92-0.97) 5.32 
PT  0.87 (0.79-0.93) 5.75 
Acc5  0.72 (0.70-0.84) 5.10 
Acc5-10  0.88 (0.74-0.93) 4.63 
Acc10  0.82 (0.77-0.90) 6.40 
ICC = intraclass correlation coefficient, CV = coefficient of variation, COD 
= change of direction, IMTP = Isometric mid-thigh pull, CI = confidence 
interval, 3mA = 3 meter approach time, TT = total test time, PT = partial 
time, Acc5 = 5m acceleration time, Acc5-10 = 5m to 10m acceleration time, 
Acc10 = 10m acceleration time.  
Table 3.2. Relationships between COD and 10m-sprint performance 
 3mA (s) TT (s) PT (s) Acc5 (s) Acc5-10 (s) Acc10 (s) 
3mA (s) 1      
TT (s)     0.71*** 1     
PT (s) 0.32     0.90*** 1    
Acc5 (s) 0.29 0.34 0.27 1   
Acc5-10 (s) 0.32     0.63***     0.64*** 0.34 1  
Acc10 (s) 0.37    0.58**    0.54**     0.85***     0.80*** 1 
COD = change of direction, 3mA = 3 meter approach time, TT = total test time, PT = partial time, 
Acc5 = 5m acceleration time, Acc5-10 = 5m to 10m acceleration time, Acc10 = 10m acceleration 

















Table 3.3. Relationships between IMTP, COD, and 10m-sprint performance.  
 3mA (s) TT (s) PT (s) Acc5 (s) Acc5-10 (s) Acc10 (s) 
IPFa  (N
.kg-0.67)   -0.55**   -0.65**   -0.53** -0.28 -0.39 -0.40 
F50a (N
.kg-0.67) -0.35 -0.34 -0.23 -0.29 -0.19 -0.30 
F90a (N
.kg-0.67) -0.34 -0.35 -0.25 -0.27 -0.26 -0.32 
F250a (N
.kg-0.67) -0.34  -0.41* -0.34 -0.30 -0.38  -0.41* 
IMTP = Isometric mid-thigh pull, COD = change of direction IPFa = allometrically scaled isometric peak 
force, F50a =  allometrically scaled instant force at 50ms, F90a  = allometrically scaled instant force at 
50ms,  F250a = allometrically scaled instant force at 250ms, 3mA = 3 meter approach time, TT = total test 
time, PT = partial time, Acc5 = 5m acceleration time, Acc5-10 = 5m to 10m acceleration time, Acc10 = 
10m acceleration time, * = p < 0.05, ** = p < 0.01   
Table 3.4. Relationship between vertical jump variables, COD, and 10m-sprint performance. 
 3mA (s) TT (s) PT (s) Acc5 (s) Acc5-10 (s) Acc10 (s) 
CMJH 0kg (cm)  -0.43*  -0.71***  -0.68*** -0.40  -0.71***  -0.67*** 
CMJH 20kg (cm)  -0.43*  -0.71***  -0.69*** -0.37  -0.64*** -0.61** 
CMJ PPa 0kg (W
.kg-0.67) -0.36 -0.62** -0.60**  -0.43* -0.56** -0.60** 
CMJ PPa 20kg (W
.kg-0.67) -0.33 -0.61** -0.61**  -0.43* -0.52** -0.57** 
SJH 0kg (cm)  -0.46*   -0.81***  -0.79***  -0.44*   -0.77***  -0.72*** 
SJH 20kg (cm)  -0.41*   -0.71***  -0.70***  -0.41*   -0.65***  -0.64*** 
SJ PPa 0kg (W
.kg-0.67) -0.37   -0.68***  -0.68***  -0.47*  -0.57** -0.63** 
SJ PPa 20kg (W
.kg-0.67) -0.24  -0.54** -0.57**  -0.50* -0.49* -0.60** 
COD = change of direction, 3mA = 3 meter approach time, TT = total test time, PT = partial time, Acc5 = 
5m acceleration time, Acc5-10 = 5m to 10m acceleration time, Acc10 = 10m acceleration time, CMJH = 
countermovement jump high, CMJ PPa =  allometrically scaled peak power of  countermovement jump, 
SJH = static jump high, SJ PPa =  allometrically scaled peak power of  static jump , 
* = p < 0.05, ** = p < 
0.01, *** = p <0.001  
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 DISCUSSION 
 The primary findings from this study were a) COD and 10m-sprint performance were 
closely associated. Subjects were more likely to finish both tests faster if they accelerated 
quicker for the first few meters. b) Maximal strength was relevant to COD and 10m-sprint 
abilities and IPFa and F250a displayed similar relationships with both tests. c) Vertical jumps 
are highly correlated to COD and 10m-sprint performance. d) Stronger athletes showed 
superior COD ability.     
Correlation between COD test and 10m-sprint performance 
 The relationships between 3mA, PT, and TT during COD test were very strong (r = 
0.71 to 0.90, p < 0.001). These results suggest that those who accelerate faster during the first 
3m, and re-accelerate after turning to a new direction were more likely to finish the COD test 
in a shorter time. Furthermore, athletes who could sprint faster for the first 5m (Acc5) and 
from 5m to 10m (Acc5-10) during the 10m-sprint test, performed superiorly in the overall 
10m-sprint test  (r = 0.80 to 0.85, p < 0.001). This finding is in accordance with other 
studies(Chaouachi et al., 2012; Jones et al., 2009). In addition, strong relationships were 
revealed between COD (TT and PT) and 10m sprint (Acc5-10 and Acc10) variables (r = 0.54 
to 0.64, p < 0.05). This may indicate some transfer effects from COD to 10m sprint, or vice 
versa. However, different results were reported by Little and Williams (2005) who found 
only a small shared variance (r2 = 0.11) between 10m sprint test and Zigzag COD tests in  
professional soccer athletes. The inconsistent findings may be due to the different COD 
Table 3.5. Comparison of IPFa and COD performance between the strong and weaker groups 
(mean ± SD). 
 Strong group (n= 6) Weak group (n= 6) p ES 
IPFa (N
.kg-0.67) 247.65 ± 53.51* 179.54 ± 34.95* 0.02 1.50 
3mA (s)  0.84 ± 0.09  0.93 ± 0.03 0.07 1.25 
TT (s)  2.78 ± 0.13  2.90 ± 0.13 0.14 0.91 
PT (s)  1.94 ± 0.06  1.97 ± 0.12 0.58 0.32 
IPFa = allometrically scaled isometric peak force, COD = change of direction, 3mA = 3 
meter approach time, TT = total test time, PT = partial time, * = p < 0.05 
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assessement methods and skill level (Brughelli et al., 2008). In our study, athletes only 
completed one COD movement during the task; the Zigzag test requires athletes to perform a 
total of 3 COD movements to complete the task. In order to examine the interactions between 
these two important physical capacities in soccer populations, designing the COD tests that 
are more specific to soccer match demands, such as work to rest ration and numbers of COD 
are needed.   
 
Correlation between IMTP, COD, 10m sprint and performance  
 Statistically significant relationships were discovered between IPFa and COD 
variables (r = -0.53 to -0.65, p d 0.05), suggesting maximal strength was critical while 
performing the COD test. This is in complete agreement with Wisløff et al. (2004). They 
found a strong correlation between elite soccer players’ 1RM half squat and 10m COD 
shuttle run (r = -0.64). Previous studies have shown the relations between athletic movements 
(striking, sprinting and jumping) and force production at different critical periods (50, 90 and 
250ms) (Kraska et al., 2009; Schmidtbleicher, 1992). To our knowledge, this is the first study 
to report the statistically significant relationships between F250a and TT (r = -0.41, p = 0.01). 
The exact underlying mechanisms are still unknown, as a result, future research is needed. On 
the other hand, F250a also showed a statistically significant and moderate correlation with 
Acc10m (r = -0.41, p = 0.04), similar to previous reports, showing maximal strength has 
contributed to athletes’ sprint ability (Chaouachi et al., 2009; Cunningham et al., 2013; 
Nimphius et al., 2010; Wisløff et al., 2004). Both COD and 10m sprint tests in this study 
required athletes to start the movements from a static position, and maximal strength might 
play a role to overcome the inertia. Based on Newton’s second law: 𝐹 = 𝑚𝑎, the ability to 
accelerate (a) a mass (m), such as body mass or external object, depends on the ability of the 
musculature to generate force (F) (Stone et al., 2006). Therefore, the ability to generate 
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maximal force and force at different time frames, such as 250ms, appears to be critical for the 
COD and 10m-sprint performance in collegiate soccer athletes. 
 
Correlation between vertical jumps power, COD and 10m-sprint performance.  
 Vertical jump variables, which were used to represent soccer players’ lower body 
power, were highly negatively correlated to COD and 10m-sprint performance. Particularly 
in the COD test, TT (r = -0.54 to -0.81, p< 0.05) and PT (r = -0.57 to -0.79, p< 0.05) showed 
the highest correlations with vertical jump variables.  Similar results have also been reported 
in a previous study (Castillo-Rodríguez et al., 2012). In vertical jumps, especially static 
jumps, athletes start their exposive movements from a squating position, which may be 
similar to the transition phase from a deceleration to a re-acceleration movement. Aditionally, 
the strong to very strong relationships were found between CMJs and COD performance (r = 
-0.60 to -0.71, p< 0.05). Theses results appear to be consistent with those reported by 
Chaouachi et al. (2012). It should be noted that CMJs and SJs likely represent somewhat 
different different mechanisms for power generation in musculature systems (Stone et al., 
2007), and future invetigations needed to clarify the different underlying mechnisms between 
COD tasks and vertical jumps. 
 In this study, moderate to very strong relationships were revealed (r = -0.37 to -0.77, 
p < 0.05) between the 10m sprint and vertical jumps variables. These results are fairly 
consistent with previous studies(Cronin & Hansen, 2005; Sleivert & Taingahue, 2004; 
Vescovi & McGuigan, 2008). Interestingly, SJH 0kg showed the highest negtive correlation 
with Acc5-10 (r = -0.77, p < 0.001) and Acc10 (-0.72, p < 0.001). Due to the nature of  a 
rapid stretch shortening in sprinting, studies have often used CMJs because of the muscle 
contaction pattern similarities. Supporting explanations underlying the strong relationship for 
the SJ remains unknown and future research is needed.  
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 In the present study multiple resression analysis to predict COD TT, similar to Barnes 
et al. (2007). Variables chosen were those displayed highest correlations ranging from  -0.71 
to -0.81 and the SJH 0kg was the best fitting predictor for COD TT, which explained 64% of 
variance. Our data are in contrast to those of Barnes et al. (2007) who found the CMJH is the 
best predictor of COD test. However, it should be noted, the subjects from their study were 
females volleyball players, ranging from NCAA Division I to Division III levels. Moreover, 
CMJs have been shown to be the most commonly used jumping movement in volleyball 
matches (Ziv & Lidor, 2010). This movement specificity might explain the difference in 
predictability for COD performance among different sports, and may also indicate that 
relationships between dynamic strength and COD performance are associated with 
sport/population tested.  
 
Correlation between IMTP and vertical Jumps 
 It is worth noting that the associations found between all vertical jumps variables and 
IPFa (r = 0.54 to 0.75, p < 0.05) were in line with previous reported research (Kraska et al., 
2009; Nuzzo, McBride, Cormie, & McCaulley, 2008; Stone et al., 2003). In order to achieve 
maximal acceleration during jump, athletes were needed to push against ground and generate 
forces in a maximal effort. Thus, vertical jump height and other performance variables 
depend on athletes’ ability to produce high forces during a very short amount of time (Kraska 
et al., 2009; Stone et al., 2007). Typically, greater strength levels are associated with higher 
rates of force development (RFD) (Schmidtbleicher, 1992; Stone et al., 2007). This 
phenomenon could also explain the similar finding in this study, where IPFa was vital to 
performing in the vertical jumps.  
Comparison 
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 To our knowledge, this study is the first investigation to demonstrate the importance 
of soccer athletes’ maximal strength and 3mA, which represented as athletes’ initial 
acceleration ability at NCAA Division 1 level.  Previous investigations demonstrate that 
stronger athletes could sprint faster (McBride et al., 2009), jump higher (Kraska et al., 2009), 
and have faster post-COD strides (the ability to re-accelerate)(Spiteri et al., 2013). In our 
study, the strong group demonstrated significantly higher IPFa when compared to the weak 
group (p = 0.02, ES= 1.5). The strong group also showed the tendency performed superiorly 
during 3mA (ES= 1.25), TT (ES= 1.25), and PT (ES= 0.32). In sports settings, this initial 
acceleration ability often referred to as “quick feet” or “a quick first step”. However, there are 
only a few studies that have examined the relationships between athletes’ strength qualities 
and initial acceleration performance (< 5m) (Jones et al., 2009; Sleivert & Taingahue, 2004). 
According to our results, soccer coaches and strength and conditioning coaches who desire 
their athletes to perform better regarding initial acceleration, should consider developing their 
players’ maximal strength. 
 
PRACTICAL APPLICATIONS 
 Strength and power characteristics are vital for collegiate soccer players’ as there is a 
direct relationship between these attributes and straight-line sprinting and COD performance. 
According to previous literature, maximal strength plays a role as the fundamental base of 
power production (Cormie, McGuigan, & Newton, 2011; Stone et al., 2007). Based upon this 
data and the findings of present study that stronger athletes are more powerful than their 
weaker counterpart during COD tasks. Furthermore, the results of this study confirmed the 
idea that stronger athletes not only jump higher (Kraska et al., 2009), sprint faster (McBride 
et al., 2009), but also perform better during COD tests (Keiner, Sander, Wirth, & 
Schmidtbleicher, 2014; Spiteri et al., 2013). Therefore, athletes who need to execute 
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explosive movements should incorporate training for maximal strength into their strength and 
physical preparation program. 
 Most studies have used 1 RM squat to represent athletes’ maximal leg strength 
(Chaouachi et al., 2009; Hori et al., 2008; Keiner et al., 2014; McBride et al., 2009; Nimphius 
et al., 2010; Wisløff et al., 2004). Notice that data from out study found COD and straight 
sprint performance was relevant to force production at 250ms. Future study may consider 
using IMTP to examine the relationships between different leg strength qualities and specific 
athletic movements (Stone et al., 2007). The data also revealed that vertical jumps (SJs and 
CMJs) are closely related to soccer athletes’ COD and 10m-sprint performance. Thus, sport 
scientists and strength and conditioning coaches should consider including IMTP and vertical 
jumps into their total athletes monitoring programs. 
  
CONCLUSION 
 Despite encouraging results of this study, questions remain unsolved. The exact 
interactions regarding the complex strength qualities displayed during COD tasks, such as 
different movement phases (acceleration, braking, cutting and re-acceleration) and force 
production asymmetry (left vs right; dominant vs no-dominant). Future investigations are 
needed. Results from this study revealed that vertical jumps (with two loading conditions) 
and maximal strength are closely related to NCAA Division I collegiate soccer players’ COD 
test and 10m straight sprint. Additionally, COD performance can be predicted by SJH during 
the 0kg condition. Moreover, stronger soccer players not only displayed higher maximal 
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Purpose: Asymmetry in sports has been discussed; however, there is limited literature 
examining the relationships between asymmetry and change of direction (COD) performance. 
The aim of this study was to evaluate the interrelations between leg strength asymmetry and 
COD performance among college soccer athletes. Methods: Twenty- seven NCAA Division 
I soccer athletes participated in this study (n =15 female and 12 male; age = 21±1.3 y; body 
mass = 73.5± 0.4 kg). A modified 505 COD test was used to assess athletes’ COD 
performance. Isometric mid-thigh pull (IMTP) testing on force plates was also utilized to 
measure bilateral strength asymmetry. Isometric peak force (IPF) and forces at 50 (F50), 
90(F90) and 250(F250) ms were recorded for statistical analyses. Symmetry index (SI) scores 
were calculated for both COD and IMTP tests. Results: Significant relationships were 
discovered between F50, F90 and partial time (PT) in the COD test (r = 0.42 and 0.60, p < 
0.05). No statistical differences were found between strength dominant (SD) and non-strength 
dominant (NSD) legs on COD performance (p > 0.05). Additional analyses also revealed no 
performance differences in COD test variables between the less asymmetric group (IPF SI < 
4%) and more asymmetric group (IPF SI > 4%). Conclusion:  Athletes who had more force 
production asymmetry during IMTP at 50ms and 90ms between legs, were more likely to 
perform asymmetrically during COD test. However, SD and the magnitude of asymmetry 
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Introduction 
 Asymmetry in sports, such as range of motion, flexibility, limb mass, weight 
distribution (WtD) and force production, has been gaining interest in sport science related 
investigations. The relationships between asymmetry and performance outcomes have been 
discussed in scientific literature (Bailey et al., 2013; Bazyler, Bailey, Chiang, Sato, & Stone, 
2014; Hart, Nimphius, Spiteri, & Newton, 2014; Hewit et al., 2012a; Hoffman et al., 2007; 
Meylan et al., 2009; Sato & Heise, 2012).  
 Sato and Heise (2012) reported that WtD asymmetry over six percent during the squat 
exercise possibly increased the risk of barbell tilt and rotation. Bailey et al. (2013) found 
force production asymmetry during an isometric mid-thigh pull (IMTP) was likely to 
influence vertical jump performance in collegiate athletes. In this particular study, moderate 
to strong negative correlations were reported between IMTP peak force (PF) asymmetry, 
jump height (JH) and peak power (PP). Thus, more asymmetry occurring during IMTP might 
decrease athletes’ jumping ability. Similar results were also found between force and power 
production asymmetry and vertical JH (Bell, Sanfilippo, Binkley, & Heiderscheit, 2014).  
 Athletes participating in team sports are often required to perform sudden 
acceleration, deceleration and change of direction (COD). After decelerating, athletes need to 
overcome their own body weight and momentum, in order to push off and turn in a new 
direction. This kind of movement is commonly completed unilaterally. Recently, the topic of 
the unilateral strength, power and COD performance in team sport athletes has drawn 
investigators’ attention(Chaouachi et al., 2012; G. J. Henry et al., 2013; Hoffman et al., 2007; 
Meylan et al., 2009; Spiteri et al., 2013; Young et al., 2002). Young et al. (2002) examined 
the relationships between unilateral leg concentric power, reactive strength and COD 
performance in club level male athletes who participated in basketball, tennis and Australian 
football. No statistically significant correlations were found between unilateral power outputs 
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and COD tests; however, some moderate and statistically significant coefficients were found 
between the right side reactive strength score and COD tests. It was concluded that the 
participants who turned faster on one side tended to have a higher reactive strength 
performance.  
 The other study by Hoffman et al. (2007) found a statistically significant difference of 
unilateral jump power outputs between dominant (D) and non-dominant (ND) sides. 
However, the power deficit between D and ND (9.7 ± 6.9%) did not relate to COD 
performance. Meylan et al. (2009) reported that horizontal unilateral jumps on both D and 
ND sides had negative correlations with COD performance in men and female recreational 
athletes (r = -0.47 to -0.59). Furthermore, a study by Spiteri et al. (2013) also found that 
stronger athletes have demonstrated higher forces and impulse from the D side during a COD 
task compared to their weaker counterparts (Spiteri et al., 2013). While bilateral strength 
asymmetry is becoming more prevalent, no study has examined the effects of bilateral 
strength asymmetry on COD performance.  
 Therefore, the primary purpose of this investigation was to determine if the 
asymmetry in a COD task is related to force production asymmetry during an IMTP test. The 
secondary purpose of this investigation was to examine whether the strength dominant (SD) 
side during IMTP test showed a superior COD performance than non-strength dominant side. 
Furthermore, the magnitude of bilateral strength asymmetry was also calculated to assess if 










 This study included 27 collegiate soccer players (n =15 female and 12 male; age = 
21±1.3 y; body mass = 73.5± 0.4 kg) who participated and competed at NCAA Division I 
level. Data collection was part of a long-term athletes monitoring program at East Tennessee 
State University (ETSU). All participants read and signed informed consent documents that 
were approved by the university’s Institutional Review Board.  Each soccer athlete had prior 





 The COD and IMTP tests were conducted on the same testing day. Prior to COD test, 
athletes went through a standard 10 min dynamic warm-up. The dynamic warm-up included 
1min of light jogging, 10 stationary body weight squats, 10m walking lunge, and dynamic 
stretches of the hip, thigh and calf muscles. After the COD test, athletes were than performed 
IMTP testing.  
 
Change of Direction (COD) test 
 
 A modified 505 COD test was used to evaluate athletes’ COD performance (Figure 
4.1). Athletes were required to sprint 5m, perform a 180° turn and sprint back to the starting 
line. Each athlete performed two familiarization trials for each leg at about 50% and 75% of 
perceived maximal effort. A total of 4 maximal effort trials were recorded, following the 
order of left, right, left, and right (two trials performed cutting with left leg, and two trials 
with right leg), with 1 min rest between each trial. Two sets of timing gates were used to 
assess athletes’ 3m acceleration time (3mAcc), total time (TT) and partial time (PT). PT was 
calculated by subtracting athletes’ 3mAcc by their TT. The average of two testing trials was 
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used for statistical analysis. Asymmetries between left and right sides COD performance 
were also calculated as a symmetry index (SI) score, the details of the SI score calculation 
will be described in the SI calculation section. 
 
 
Figure 4.1. Schematic approach of COD test 
 
 
Isometric Mid-Thigh Pull (IMTP) test 
 
 Assessment of bilateral force production asymmetry was conducted with IMTP test. 
The standard protocol was based on a previous study (Bailey et al., 2013). Unilateral strength 
characteristics were tested on a dual force plate built into a customized rack (Figure 4.2). 
Prior to the testing, subjects used weightlifting straps and were taped to the immoveable bar 
to ensure the grip strength was not the limiting factor while performing a maximal effort. Bar 
height was adjusted to each individual’s knee angle at 125º±5º and hip was at 175º±5º (Figure 
4.3). This position has been shown to produce the highest peak force (Beckham et al., 2013). 
Two warm-up trials at approximately 50% and 75% of maximal effort were then performed. 
Two maximal pulls were measured. The duration for each trial was approximately 3 to 4 sec 
with 2 min rest between trials. Data from 2 trials were averaged prior to statistical analysis. 
Isometric peak force (IPF), and instantaneous forces at 50, 90 and 250ms (F50, F90 and 
F250) from each force plate were used to calculate SI scores. Again, the method of SI score 
calculation will be listed in the next section. The side that produced higher IPF during IMTP 
test was defined as the SD side. A customized LabView10.0 software program (National 
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Instruments Co., Austin, TX) was utilized to analyze force-time data. A digitized signal was 
filtered using a 4th order Butterworth low-pass filter at 100 Hz. 
 
       
       Figure 4.2. Dual force plate set up                                   Figure 4.3. IMTP test 
 
Symmetry index (SI) score calculation  
 According to Sato and Heise (2012), the symmetry index (SI) score was calculated as: 
SI = (larger value – smaller value)/total value * 100. The result of SI score is presented as 
percentage, in which 0% means perfect symmetry. The higher the value away from zero also 
indicates the increase of asymmetry.  In order to compare the effects of bilateral strength 
asymmetry on COD test. Subjects with IPF SI scores over 6 % were included in more 
asymmetrical group. On the other hand, IPF SI scores less than 4% were put into less 
asymmetrical group. If subjects’ IPF SI scores ranged from 4.01 and 5.99%, they were 
excluded from statistical analysis to separate two groups (Sato & Heise, 2012).  No outliers 
were found in the more asymmetrical group, all subjects in this group displayed SI scores < 
10%. SI scores from COD and IMTP tests were calculated using absolute values to represent 




 The intraclass correlation coefficient (ICC) and coefficient of variation (CV) were 
calculated to determine the test-retest reliability of the COD and IMTP tests. The 
relationships between COD and IMTP SI scores were assessed using Pearson’s product 
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moment correlations.  The strength of relationship was based on Hopkins (2002), in which r 
e  0.30 is moderate; r e  0.50 is strong; r e  0.70 is very strong; r e  0.90 is nearly perfect; r e  
1.00 is perfect. Paired samples t-test was used to determent whether significant differences 
between SD and NSD sides during COD tests. Additional independent samples t-test was 
used to evaluate whether less asymmetry group (n= 11) had better COD performance than 
more asymmetry group (n= 11). Cohen’s effect sizes (d) were also calculated. The magnitude 
of effect sizes are described by Cohen (1988) as small (d d 0 to 0.19), moderate (d = 0.2 to 
0.8), and large (d e  0.8). Statistical significance was set at an alpha level of P d 0.05. SPSS 




 The test-retest reliability for COD test variables ICC are between 0.87 to 0.95, and 
CV are between 5.7 % to 8.0 %. Further, the reliability for all IMTP test variables are ICCs e  
0.96, and CVs are d 3%. Table 4.1 displayed the relationships between IMTP and COD tests 
SI scores. Moderate to strong statistical significance was found between F50 and PT (r = 
0.42), F90 and PT (r = 0.60). The comparisons between SD and NSD side are showed in 
Table 4.2. There is no significant differences were found (p> 0.05). Additional comparisons 
between more asymmetry group (IPF SI e  6 %) and less asymmetry group (IPF SI d 4 %) in 
COD performance are also revealed in Table 4.3. Again, there was no statistical differences 
were discovered between these two groups on COD performance (p > 0.05).
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Table 4.1. The relationships between IMTP SI score and COD SI score 
 IPF F50 F90 F250 
3mA -0.13 0.00 0.12 -0.20 
PT 0.12  0.42*   0.60**  0.20 
TT 0.03 0.23 0.38  0.23 
Note: * p < 0.05, ** p <0.01, IMTP= Isometric mid-thigh pull, SI= symmetry 




Table 4.2. Comparison of COD performance between the SD and NSD sides.  
(Mean ± SD).  SD side NSD side P ES 
3mA (s) 0.90 ± 0.07 0.90 ± 0.08 0.95 0.00 
PT (s) 2.88 ± 0.16 2.97 ± 0.16 0.48 0.06 
TT (s) 2.02 ± 0.27 2.00 ± 0.27 0.43 0.07 
Note: COD= change of direction, SD= strength dominant, NSD= non-strength 
dominant, 3mA= 3m approach time, PT= partial time, TT= Total time.   
 
 
Table 4.3. Comparison of COD performance between the more asymmetric group and less 
asymmetric groups.  (Mean ± SD).  More asymmetrical   
(N=11, IPF SI e  6 %)  Less asymmetrical  (N=11, IPF SI d 4 %) p ES 
3mA left (s) 0.88 ± 0.07 0.91 ± 0.08 0.33 0.41 
3mA right (s) 0.86 ± 0.07 0.90 ± 0.05 0.12 0.66 
PT left (s) 1.96 ± 0.13 1.95 ± 0.11 0.84 0.08 
PT right (s) 1.97 ± 0.13 1.95 ± 0.10 0.64 0.19 
TT left (s) 2.84 ± 0.17 2.86 ± 0.10 0.72 0.15 
TT right (s) 2.83 ± 0.17 2.85 ± 0.14 0.74 0.13 
Note: COD= change of direction, IPF= Isometric peak force, SI= symmetry index, 3mA= 3m 




 The primary purpose of this study was to evaluate weather bilateral strength 
asymmetry during IMTP was correlated to asymmetry during COD performance. Results 
revealed that F50 and F90 SI score was moderately to strongly related to PT SI scores (r = 
0.42 to 0.60). This indicates that athletes possessing more force production asymmetry during 
IMPT at 50ms and 90ms were more likely to perform asymmetrically during COD test. 
According to (Castillo-Rodríguez et al., 2012), PT may be the most important variable in the 
whole COD task because it assesses subjects’ ability to brake and re-acceleration in a short  71 
time. It could be speculated that the ability to generate force in a short period of time might 
influence subjects’ re-acceleration ability. It seems intuitive that it would be beneficial for 
soccer athletes to perform superiorly in COD related tasks in all directions, and based on the 
correlation results of the current study, the ability to do this may be influenced by bilateral 
strength asymmetries in early force production  
 This is the first study to explore the relationships of SI scores between IMTP and 
COD tests. However, SI scores in this study were calculated in absolute values that only 
represent the magnitude of the level of asymmetry, not the direction. As the purpose of this 
preliminary investigation was to discover the interrelations of asymmetry levels between two 
the different tests, the authors cannot determine if the bilateral strength asymmetry actually 
caused the performance differences during COD test, or vice versa. As a result, further 
research is needed 
 It has been shown that the D side had superior performance during a COD task 
(Castillo-Rodríguez et al., 2012; Hoffman et al., 2007). However, the existing literature has 
not established objective criteria to differentiate between D and ND sides during COD tasks 
Spiteri et al. (2013) reported that stronger athletes generated higher braking forces, and 
propulsive forces on their D side during a plant phase in a COD test. In this study, dominance 
was defined as the side that produced higher IPF during IMTP test, which was then compared 
to the NSD sides on COD test variables. Interestingly, the SD did not show the significant 
performance differences on 3mA, PT and TT (p > 0.05). Furthermore, the Cohen’s effect 
sizes also revealed a small effect sizes (ES= 0.00 to 0.07). It appears that strength dominance 
does not markedly affect the COD performance in collegiate soccer athletes.         
 Previous studies have discussed the asymmetry level and its effects on the 
performance outcomes (Hart et al., 2014; Hoffman et al., 2007; Sato & Heise, 2012).  
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Sato and Heise (2012) demonstrated that subjects with WtD asymmetry of 6% or more were 
likely to perform with excessive barbell tilt and rotation during squatting exercises. Hart et al. 
(2014) found accurate kickers had significant less asymmetry in lean mass and strength of 
their lower limbs than inaccurate kickers. In the COD related studies, Hoffman et al. (2007) 
have reported that a significant difference (p < 0.05) in unilateral jump power did not cause 
performance differences on COD performance between D and ND legs. The current study 
displays similar results as previously reported. There were no statistically significant 
differences found between the more asymmetric group (IPF SI e  6 %) and the less 
asymmetric group (IPF SI d 4 %). Although Cohen•s effect sizes showed a moderate effect 
on 3mA left and 3mA right (ES = 0.41 and 0.66), 3mA time in the COD test only represents 
subjects’ initial acceleration ability, not the whole COD performance. This phenomenon may 
also be illustrated by the small effect sizes on PT and TT (ES= 0.08 to 0.19). Although 
moderate to strong relationships were observed between performance asymmetries of PT and 
instantaneous forces (F50 and F90), based on the comparison results, bilateral strength 
asymmetry does not appear to be an influential factor on collegiate soccer athletes’ COD 
performance. It is important to note that samples were split based upon IPF SI scores. 
Splitting samples based upon F50 or F90 SI scores might have produced different results.     
 In summary, we found the SI scores at F50 and F90 from an IMTP test were related to 
PT SI scores during COD test, suggesting that those with more asymmetry occurring during 
IMTP test were more likely to have larger asymmetry outcome in the COD test. Furthermore, 
the SD leg during IMTP test did not produce better COD performance. In addition, the 
apparently greater asymmetry occurring during the IMTP test (IPF SI > 6%) did not appear to 
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Abstract 
 Although he relationships between the force production ability and change of 
direction (COD) performance have been examined, the sex differences of kinetic 
contributions during the stance phase of cutting in COD performance are still unknown. This 
study aimed to compare kinetic variables between sexes, as well as to determine the critical 
factors of performance during a COD test. Twenty-four NCAA Division I soccer athletes 
participated in this study (11 male and 13 female; age, male = 21.37 ±1.94 y, female = 21.29 
± 0.99 y; body mass, male = 78.31 ± 8.92 kg, female = 65.76± 5.83 kg). A modified 505 
COD test was used to assess athletes’ COD ability. Kinetic variables included ground contact 
time (GCT), forces and impulse in two phases (braking and propulsive) and two directions 
(vertical and horizontal) were recorded. A significantly shorter COD total time was 
discovered in male athletes (p < 0.01, ES= 2.17). Furthermore, male athletes had statistically 
higher horizontal braking impulse (p = 0.04, ES= 0.88), vertical braking impulse (p < 0.01, 
ES= 1.20), total vertical impulse (p = 0.02, ES= 0.97) and significantly longer GCT. In 
summary, male athletes demonstrated less COD total time, longer GCT and better ability to 
apply forces and impulse while performing a cutting maneuver during a modified 505 COD 
test compared to females. Furthermore, the vertical forces and impulse appear to be the 
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Introductions 
 Agility has been proposed as one of the most important aspects of fitness for talent 
identification in soccer (Reilly, Williams, et al., 2000). Considering athletes’ overall agility 
performance, change of direction (COD) ability and the perceptual and decision-making 
components have been examined and reported as two major limiting factors (Sheppard & 
Young, 2006; Sheppard et al., 2006). Recently, the physical contributions of COD ability, 
such as leg strength, power and sprint speed, have been evaluated across different sports. 
(Barnes et al., 2007; Castillo-Rodríguez et al., 2012; Chaouachi et al., 2012; Nimphius et al., 
2010) 
 Barnes et al. (2007) found vertical jump height can be used for predicting female 
volleyball athletes’ COD performance. In this study, NCAA division I female volleyball 
players showed superior vertical jump heights compared to division II and division III level 
players (Barnes et al., 2007). Nimphius et al. (2010) reported that the ability to generate 
power under loaded vertical jumps was negatively correlated to COD time in a group of 
national level softball players (r = -0.75 to -0.85). Similar results were found by Castillo-
Rodríguez et al. (2012) who found both countermovement jumps (CMJs) and drop jumps 
(JPs) were negatively related to soccer players’ COD performance. Consequently, it appears 
to be critical for athletes to produce high force and power during COD tasks. However, it is 
relatively unknown which kinetic factors may affect the final outcome while performing the 
cutting during COD tasks.  
 The relationship of direct measures of kinetic variables of cutting measured during 
COD tasks to performance outcomes have not been well established in the literature. A study 
by Green, Blake, and Caulfield (2011a) examined the kinetic characteristics during 45° turn 
COD test in semi-professional rugby players. They found starters had statistically shorter 
ground contact time (GCT) than non-starters. Sasaki, Nagano, Kaneko, Sakurai, and 
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Fukubayashi (2011) reported a positive correlation between GCT and COD total time (r = 
0.42) during a 180° turn COD test, indicating athletes who had shorter GCT were able to 
perform the COD test better. Similar results were reported by Marshall et al. (2014). 
Moreover, stronger athletes who had higher peak force during a unilateral isometric strength 
test demonstrated faster post- COD strides, and higher forces and impulses in both vertical 
and horizontal directions during the stance phase. (Spiteri et al., 2013). Thus, kinetic factors 
that related to athletes’ COD performance were deemed to be important information for the 
strength and conditioning field. Finally, very few studies have examined the performance 
differences in COD tasks between sexes.  
 Therefore, the main purpose of this study was to compare kinetic variables during a 
COD test between sexes to determine if sex differences in those variables could affect the 
final COD performance outcome.  Additionally, force and impulse applied in both vertical 
and horizontal directions were also calculated to assess dominance of either during the COD 
task.   
Methods 
Participants 
 Twenty-four soccer (n = 11male and 13 female) athletes who competed in NCAA 
Division I level participated in this study. Athletes’ age, height and body mass from both 
sexes are displayed in Table 1. Data collection was part of a long-term athletes monitoring 
program at East Tennessee State University (ETSU). All participants read and signed 
informed consent documents that were approved by the university’s Institutional Review 




 A series of dynamic warm-up exercises were implemented prior to the COD test. The 
dynamic warm-up included 1min of light jogging, 10 stationary body weight squats, 10m 
walking lunge, and dynamic stretches of the hip, thigh and calf muscles. The warm-up 
sessions were supervised by a certified strength and conditioning specialist to insure all 
participants were performing those exercises properly. 
Change of direction (COD) test 
 A modified 505 COD test was used to evaluate soccer athletes’ COD performance. 
The test was completed on a 6 × 1 m customized running platform with a built-in AMTI tri- 
axial force plate (AccuPower; Watertown, MA) (Figure 5.1). The force plate was operated by 
a laptop (Dell, Texas, USA) and sampled at 400 Hz for data collection. Two sets of timing 
gates (Brower timing system; Utah, USA) were set up at starting/finish line and 3m line, in 
order to measure 3m approach speed and total time of the COD test. The 3m approach speed 
was controlled at 3.5 ± 0.5 m.s-1 to assure that velocity variations did not contribute to the 
differences in kinetic factors between sexes (Spiteri et al., 2013). Athletes started with 
staggered stand position at the starting line. The COD test protocol was conducted with 
modified method from Barnes et al. (2007) where athletes put their toe of the lead leg 30cm 
behind the line, mimicking the most common starting position in a game situation. Athletes 
were asked to sprint 5m, stepping on the force plate, performing a cutting with a 180° turn 
and sprinting back until passing the finishing line. Two sub-maximal familiarization trials at 
50 % and 75% effort were performed with for both left and right foot cutting.  Four maximal 
effort trials were performed in the following order: left, right, left right (two trials with left 
foot stepping on the force plate, the other two with right foot) were measured after 2 min rest 
from familiarization trials. Each trial was separated by a 1min recovery period. During 
maximal effort trials, athletes were required to contact their whole foot on the force plate by 
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performing a side step cutting maneuver only (Besier, Lloyd, & Ackland, 2003). The trials 
were excluded if athletes were not successful in planting their foot on the force plate or 
slipped during the test. Measurements were sustained until four successful trials were 
recorded (Sasaki et al., 2011). 
 




 In order to compare the sex differences of the COD test, two best trials (shortest of 
COD total time) were used for data analysis. Ground reaction forces (GRFs) and impulse 
from both vertical and horizontal orientations were recorded over the stance phase during the 
COD cutting movement. The stance phase has been defined by McLean et al. (2004), as 
where the heel strike is described as the instant vertical GRF is in excess of 10N, and toe off 
is described as the instant GRF falls below 10N. Variables used for statistical comparisons in 
this study were GCT, braking phase GCT, propulsive phase GCT, peak braking force, peak 
propulsive force, braking impulse, propulsive impulsive and total impulse. The calculations 
of braking force and impulse in this study was defined as heel strike to minimum vertical 
GRF of the middle-support phase, and propulsive barking force and impulse were calculated 
from the minimum middle-support phase to toe-off (Spiteri et al., 2013). Total horizontal 
impulse was computed by calculating the resultant force vector of medio-lateral and anterior-
posterior force- time curves. All kinetic variables were calculated using a customized 
LabView10.0 software program (National Instruments Co., Austin, TX). A digital low pass 
Butterworth filter with a cutoff frequency of 10 Hz was used to remove electrical noise. The  82 
comparisons of all forces and impulses between sexes were calculated with data that was 
allometrically scaled [absolute force and impulse . body mass) -0.67] (Jaric, 2002). 
Statistical analysis 
 The intraclass correlation coefficients (ICC) with 95% confidence intervals (CI) and 
coefficient of variations (CV) were calculated to determine the test-retest reliability of all 
COD test variables. A series of independent samples t-tests were used to compare sex 
differences on athletes’ anthropometric variables (age, height and body mass) and COD test 
variables. Cohen’s effect sizes estimates (d) were also calculated. The magnitudes of effect 
sizes are described by Cohen (1988) as small (d d 0 to 0.19), moderate (d = 0.2 to 0.8), and 
large (d e  0.8). Statistical significance of comparison analysis was set at an alpha level at P < 
0.05. SPSS software 21.0 version was used to analyze all statistical calculation (IBM Co., 
NY, USA).     
Results 
 The test-retest reliability from COD test variables are displayed in Table 5.1, which 
ICCs (95% CI) ranged from 0.76 to 0.96, and CVs were between 5.90% and 26.36%. 
Statistical differences were found between sexes in height and body mass (p <0.01), which 
are shown in Table 5.2. The comparison results of COD total time, GCT, forces and impulses 
are revealed in Table 5.3, Figure 5.2 and Figure 5.3. Male athletes produced significantly 
shorter COD total time than female athletes (p < 0.01, ES= 2.17). No statistical difference 
was found for total GCT between sexes; however, significantly longer braking GCT was 
shown in male athletes (male = 0.27 ± 0.05, female = 0.22 ± 0.05; p = 0.04, ES= 0.88). Male 
athletes also displayed significantly higher horizontal braking impulse (p = 0.04, ES= 0.88), 
vertical braking impulse (p < 0.01, ES= 1.20), and vertical total impulse (p = 0.02, ES= 0.97) 
(Figure 5.3.). Although statistical differences in horizontal total impulse (p = 0.22) and 
vertical braking impulse (p = 0.05) were observed between sexes, moderate to strong effect 
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sizes of 0. 51 to 0.86 were achieved (Table 5.3). The magnitudes of vertical forces and 
impulses from both sexes ranged from 2.51 to 3.14 times larger than horizontal forces and 
impulses, which were revealed in Table 5.4. 
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Table 5.1. Test-retest reliability base on ICC and CV for COD total time, force and impulse 
variables 
 ICC (95% CI) CV (%) 
COD total time 0.96 (0.92-0.97) 5.90 
GCT  0.86 (0.58-0.94) 7.64 
GCT (Braking) 0.82 (0.52-0.92) 16.68 
GCT (Propulsive) 0.76 (0.53-0.90) 17.17 
H peak braking force  0.86 (0.67-0.94) 18.25 
H peak propulsive force  0.89 (0.63-0.93) 14.72 
H braking impulse  0.82 (0.56-0.92) 24.37 
H propulsive impulse  0.84 (0.60-0.93) 22.74 
H total impulse  0.88 (0.77-0.94) 19.92 
V peak braking force  0.87 (0.70-0.94) 16.87 
V peak propulsive force  0.96 (0.94-0.98) 17.53 
V braking impulse  0.86 (0.66-0.94) 26.36 
V propulsive impulse  0.83 (0.50-0.91) 24.83 
V total impulse  0.90 (0.81-0.95) 17.56 
ICC = intraclass correlation coefficient, CI= confidence interval, COD = change of direction,  




Table 5.2. Descriptive statistics of athlete’ age, height and body mass (Mean ± SD) 
 Male (n= 11) Female (n= 13) 
Age (year)    21.37 ± 1.94    21.29 ± 0.99 
Height (cm)     179.87 ± 6.79**     168.30 ± 6.86** 
Body mass (kg)       78.31 ± 8.92**       65.76 ± 5.83** 
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Table 5.3. Comparisons of sex differences in COD total time, force and impulse variables (mean ± SD) 
 Male (n= 11) Female (n= 13) p ES 
COD total time (s)   2.69 ± 0.09      2.93 ± 0.12** 0.00 2.17 
GCT (Total)(s)   0.54 ± 0.08   0.48 ± 0.06 0.09 0.70 
GCT (Braking) (s)   0.27 ± 0.05    0.22 ± 0.05* 0.04 0.88 
GCT (Propulsive) (s)   0.26 ± 0.05   0.26 ± 0.03 0.81 0.09 
H peak braking force (N
. kg-0.67) 21.90 ± 3.55 21.69 ± 3.01 0.87 0.06 
H peak propulsive force (N. kg-0.67)  18.24 ± 2.67 18.69 ± 2.55 0.44 0.30 
H braking impulse (N. s. kg-0.67)    4.28 ± 1.17    3.37 ± 0.85* 0.04 0.88 
H propulsive impulse (N. s. kg-0.67)    3.27 ± 0.88   3.52 ± 0.67 0.44 0.30 
H total impulse (N. s. kg-0.67)    7.55 ± 1.46   6.89 ± 1.09 0.22 0.51 
V peak braking force (N. kg-0.67)  56.58 ± 2.62 53.05 ± 5.15 0.05 0.86 
V peak propulsive force (N
. kg-0.67)  56.78 ± 4.06 54.69 ± 5.35 0.30 0.43 
V braking impulse (N. s. kg-0.67)  11.64 ± 2.72      8.50 ± 2.44** 0.00 1.20 
V propulsive impulse (N. s. kg-0.67)  10.77 ± 2.59 10.66 ± 1.73 0.90 0.05 
V total impulse (N. s. kg-0.67)  22.41 ± 3.64  19.17 ± 3.02* 0.02 0.97 












Table 5.4. Descriptive statistics of horizontal and vertical force and impulse 
variables (mean ± SD) 
 Horizontal Vertical 
Peak braking force (N
.s-1)    373.01 ± 67.18   937.41 ± 131.02 
Peak propulsive force (N.s-1)     316.35 ± 54.63 954.22 ± 28.26 
Braking impulse (N.s-1)       65.51 ± 22.48 172.20 ± 60.82 








Figure 5.2. Comparison of ground contact time and COD test total time between male and 






Figure 5.3. Comparisons of force and impulse variable between sexes; Left top: peak horizontal forces: braking and propulsive; Right top: 
horizontal impulses: braking, propulsive and total; Left bottom: peak vertical forces: braking and propulsive; Right bottom: vertical impulses: 
braking, propulsive and total.    88 
Discussion 
 The primary purpose of this investigation was to determine if sex differences exist in 
both vertical and horizontal force and impulse variables during a COD test, as well as to 
determine the importance of vertical and horizontal GRFs and impulse involved in the COD 
test. The primary findings of this study reveal that male soccer athletes were able to perform 
better in COD test, while also producing higher horizontal braking impulse, vertical impulse 
and vertical total impulse when compared to female soccer athletes. Moreover, vertical forces 
and impulses were 2.51 to 3.14 times higher while compared to horizontal forces and 
impulses. This result indicates that the majority forces and impulses involved in a 180° 
turning COD task were vertically oriented, which is consistent with previously published data 
indicating that vertical GRFs and impulses could be considered as limiting factors in COD 
tasks (Barnes et al., 2007). 
 The ICC levels of kinetic variables in the COD test ranged from 0.76 to 0.96. 
According to Portney and Watkins (2000) that ICC higher than 0.75 could be considered as 
good test-retest reliability. The reliability of GCT (ICC = 0.86) from this study is consistent 
with previously reported research by Green et al. (2011a) (ICC = 0.89 to 0.96) and Marshall 
et al. (2014) (ICC > 0.76). However, higher CVs from kinetic variables were also discovered 
(16.7% to 24.8%), except for CV of COD total time (5.9%) and GCT (7.6%). Similar results 
reported by Wong, Chaouachi, Dellal, and Smith (2012) who found high CV (14.5% to 
67.9%) of forces and impulses from a leg hopping exercise, which mimicked the stance phase 
of common COD tasks. The high CV may be caused from the different techniques being used 
in both braking and propulsive phases (Wong et al., 2012). 
 Recently, the relationships between GCT and COD performance have been discussed 
(Green et al., 2011a; Marshall et al., 2014; Sasaki et al., 2011; Wong et al., 2012). Green et 
al. (2011a) found starters had significant shorter GCT compared to non-starters. Sasaki et al. 
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(2011) also reported that GCT was correlated to COD total time (r = 0.44) in a group of male 
college soccer athletes. Base on Sasaki et al. (2011) , it seems that those with shorter GCT 
during the stance phase of a COD task were more likely to perform better in the COD total 
time. Interestingly, the findings of this study were contrary from the aforementioned. Male 
athletes demonstrated significantly longer GCT during the braking phase than female athletes 
(P = 0.04, ES = 0.88). Although no statistical difference was observed in total GCT, 
moderate effect size (ES = 0.70) suggests that male athletes had longer total GCT (male = 
0.54 ± 0.08, female = 0.48 ± 0.06). Moreover, male athletes demonstrated statistically 
significantly shorter COD total time than female athletes (male = 2.69 ± 0.09, female = 2.93 
± 0.12). Thus, shorter total GCT may not be the limiting factor for COD performance while 
comparing sex differences.       
 It has been recognized that the ability to produce force rapidly is associated with 
athletes’ COD performance (Nimphius et al., 2010; Spiteri et al., 2013). A recent study by 
Spiteri et al. (2013) found stronger athletes were able to product statistically higher braking 
and propulsive GRFs in both vertical and horizontal directions. In this study, no statistical 
between sex differences were shown in both braking and propulsive GRFs, which were 
calculated as allometrically scaled. However, large effect size (ES = 0.86) was discovered in 
vertical braking force, suggesting male athletes generated higher GRFs during the braking 
phase when compared to female athletes. Impulse application, especially braking impulse has 
been shown to be an underlying mechanisms for utilizing elastic energy during sprinting, 
consequently increasing force output for the propulsive phase (Hunter, Marshall, & McNair, 
2005). This study indicates that male athletes applied significantly higher horizontal braking 
impulse, vertical braking impulse and total vertical impulse than female athletes. Therefore, 
the ability to produce higher forces and impulses, especially during braking phase appears to 
affect the subsequent COD performance. Although lower extremity strength was not 
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measured in this study, a previous study reported that stronger athletes applied significantly 
higher forces and impulses during both braking and propulsive phases than their weaker 
counterparts, leading they to superior COD performance (Spiteri et al., 2013). Further 
research is needed to distinguish which strength characteristics (concentric, eccentric and 
isometric) contribute to the force and impulse application during COD tasks.  
 In order to maximize COD performance, coaches and strength and conditioning 
professionals often train their athletes with lateral movements. This training methodology is 
commonly used due to its apparent movement similarity. However, results in the current 
study clearly showed that forces and impulses in the vertical direction were more dominant 
than those in the horizontal when performing a COD movement required athletes to turn their 
positions laterally. This finding is in agreement with Barnes et al. (2007) who found that 
vertical forces were two times higher than horizontal forces in a COD task. Therefore, it is 
reasonable for athletes and coaches who want to improve COD performance by training 
vertically oriented exercises such as squat and weightlifting movements and their derivatives 
(Sheppard & Young, 2006). In conclusion, the present study found that male athletes 
demonstrated significantly shorter COD total time. Furthermore, male athletes had 
significantly longer GCT during braking phase as well as significantly higher horizontal 
braking impulse, vertical braking impulse and total vertical impulse than female athletes 
while performing a cutting in a modified 505 COD test. Based on the results, the vertical 
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 The importance of strength and power for athletic movements such as jumping and 
sprinting has been documented in the literature. However, the relationships between leg 
strength, power, and COD performance have not been well studied, especially in college 
soccer athletes. Therefore, the main purpose of this dissertation was to explore the 
relationships between COD performance and associated physical contributions such as leg 
strength and power characteristics, straight-line sprinting, bilateral strength asymmetry, and 
sex differences in kinetic variables among NCAA Division I soccer athletes.  
 The findings indicate that leg strength and power were moderate to strongly 
negatively related to the COD TT. In addition, straight-line sprinting was also interrelated 
with soccer athletes’ COD performance. Those results confirmed the hypothesis that athletes 
are required to produce high force and power in a short period of time (<250ms) in order to 
perform sudden acceleration, deceleration, and reacceleration during COD tasks. In addition, 
SJH was able to predict COD TT, suggesting sport scientists and strength and conditioning 
professionals should use SJs as a monitoring tool in their athletes’ performance program.  
 Although asymmetry in sports had examined the associations with athletes’ injury, no 
study has examined the effects of bilateral strength asymmetry on athletes’ COD 
performance. The findings from this dissertation showed that force production asymmetries 
during IMTP were related to asymmetrical performance during COD tests. However, it 
appears that the SD side did not possess better COD performance compared to the NSD side. 
Furthermore, the magnitude of bilateral strength asymmetry was not the limiting factor for 
soccer athletes’ COD performance outcomes. 
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 A better understanding of force and impulse being applied over the stand phase during 
cutting is important in providing information regarding the improvement of athletes’ COD 
performance. Male athletes demonstrated a better ability to produce force and impulse than 
their female counterparts. Consequently, male athletes produced statistically significantly less 
COD TT and demonstrated longer GCT, higher vertical braking impulses, and total vertical 
impulses than female athletes. This result may be partly due to more lean muscle mass in 
lower extremities, which contribute to produce more force and impulse during a cutting 
maneuver. It may also indicate the different approaches to apply force during cutting between 
sexes. Ultimately, the magnitude of vertical forces and impulses measured in both sexes was 
2.51 to 3.14 times larger than the horizontal direction, indicating that vertical forces and 
impulses are primary limiting factors while performing in COD tasks.    
 Future research should emphasis on differentiating strength characteristics such as 
concentric strength, eccentric strength, and isometric strength and their associations with 
COD performance in order to identify the critical strength demands associated with different 
phases in COD movements. Furthermore, the research focus should be on establishing the 
optimal kinetic and kinematic factors during COD tasks. Longitudinal studies using training 
intervention in different sexes, sports, and training backgrounds are also warranted. 
Researchers in this area should focus on comparing different training modalities such as 
heavy resistant exercises, weightlifting movements, and plyometric exercise that are 
performed in the vertical orientation in both short terms and long terms to assess the transfer 
effects on COD performance. Therefore, it is deemed necessary that future investigations 
focus on this topic.
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